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Founded 1871. Incorporated 1883. 


VOL. 31. 1901. Мо. 153. 


An Extraordinary General Meeting of the Institution, being 
also a meeting of Section IX. of the International 
Engineering Congress, Glasgow, 1901, was held in the 
Natural Philosophy Theatre of the University of Glas- 
gow on the mornings of Tuesday, September 3rd, 
Wednesday, September 4th, and Thursday, September 
sth, тоот, Mr. W. LANGDON, President of the Institu- 
tion, and Chairman of Section IX. of the Congress, in 
the Chair. 


MEETING OF TUESDAY, SEPTEMBER 3rd. 


The PRESIDENT : Gentlemen, I have much pleasure in 
meeting you here in Glasgow. I hope your visit may be 
attended with fine weather, and that it may prove in every 
way agreeable to you. Having regard to the fact that our 
time will be very much occupied, I have thought it better 
that we should not on this occasion read the minutes of the 
last meeting, which was, of course, the Annual General 
Meeting, and would consequently occupy much time; but 
] will ask the Secretary to read the Minute of the Council of 
October 18th authorising the Institution to take charge of 
Section IX. of the International Engineering Congress. 

The SECRETARY read the Minute, which was as fol- 
lows :— 

* A letter was read from,the Secretary of the Inter- 
national Engineering Congress, Glasgow, 1901, inviting 
the Institution to take charge of the arrangements for 
the work of the Electrical Section; and it was there- 
upon agreed that, subject to details being subsequently 
arranged, the Institution should take charge of the 


section as requested." 
Vor. 31. 1 


2 ADDRESS OF THE PRESIDENT AT THE (Congress, 


INTRODUCTORY ADDRESS TO THE ELECTRICAL 
SECTION (SECTION IX.) OF THE INTERNA- 
TIONAL ENGINEERING CONGRESS, GLASGOW, 
1901, 


By the Chairman of the Section, W. LANGDON, President 
:0f the Institution of Electrical Engineers. 


Inasmuch as, within a very short time, it will be my 
privilege to deliver before the members of the Institution of 
Electrical Engineers my inaugural address, it was not my 
intention on this occasion to have encroached upon your 
time by anything in the shape of an address; but other 
Sections of the Congress having elected to follow that 
course, I fear 1 may be thought wanting in courtesy if I fail 
to comply with that which has proved so generally acceptable 
with others. I therefore propose to approach you, very 
shortly, upon a subject which, at the present juncture, I 
feel to be one of the highest importance. 

Just fifty years since London, under the auspices of the 
nation’s lamented Prince Albert, gave birth to the first 
International Exhibition. Followed by numerous others, 
at home and abroad, none, it is pleasing to note, have 
proved more successful financially, or more fully met the 
object for which they were established, than those іп- 
augurated by the enterprise of Glasgow's citizens—the last 
and most successful of which forms one of the attractions 
incidental to the assemblage of this Congress and of the 
inauguration of the new century. 

There can be no question that the result of these great 
undertakings has been for good; that they have been a 
stimulus to manufacture and trade; and that—greatly 
beyond all else—they have been a means making for peace. 
Whether we, as a nation, have been the gainer or the loser, 
the world has richly reaped. Exhibitions, railways, steam- 
boats, education, the ready intercourse between peoples, 
have told, and are daily telling their tale. Few articles 
remain the privileged product of any one place. 

Manufacture has become cosmopolitan, and the rivalry 
of the future between the most advanced nations of the 
earth will be that of manufacture—the power to apply the 
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products of the earth to the exigencies of life at the least 
cost, and with the least loss of time. 

The supremacy of a nation may be attained by force of 
ams, but war cannot be carried on without the sinews of 
war, and the sinews of war means the wealth of the nation. 
Whence comes this national wealth ? Surely by the in- 
dustry and intelligence of its people—the power to observe, 
to apply, and to produce. 

Lord Rosebery, when speaking recently at the Mansion 
House, remarked “ we are coming to a time of stress and 
competition, for which it is necessary that we should be 
prepared," and later on he observes, “ It is necessary for a 
nation in these days to train itself by every valuable method 
to meet the stress and the competition that is before us.” 

The question whether England, in comparison with 
Other nations, is becoming retrograde in her industrial 
achievements must prove one of peculiar interest to all 
who seek this country's welfare. There are grave reasons 
to fear that іп some paths, especially in the more modern 
applications of science, and notably in that development 
with which this Institution is so closely allied, we have not 
retained that prominent position which has characterised 
this country for so long a period. 

Twenty years back, British. manufacture stood on level 
ground with other countries in the production of electrical 
machinery, yet, if we may judge by the following figures, 
for which I am indebted to Mr. Philip Dawson, Member of 
this Institution, it would appear that we have from some 
Cause failed to meet even our home demands. From these 
heures, which are approximate, it appears that of some 
300,000 indicated horse-power of steam engines latd down 
for lighting and traction, 73,000 have been imported from 
the United States of America; and that, of some 200,000 
kilowatt capacity of generators, 71,000 were derived from 
the same source. It will be understood that this does not 
mean that the residue was British production. 

It is not my intention, nor would the time at my dis- 
posal admit of my attempting to enter into details why this 
is so. I take the bald fact as illustrated by the figures I 
have quoted. England did not meet the demand! Can 
it be that the British manufacturer lacked confidence in the 
permanency of this new electrical development ? I quote 
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again from Mr. Dawson. The capital invested in European 
countries and the United ‘States in electric lighting, power, 
and traction works, amounts to £367,000,000. Of this sum 
the United States contributes £200,000,000 and Great 
Britain £35,000,000. The number of miles of single track 
equipped for electric traction in the two countries is, 
relatively, 21,000 and goo. Of motor cars, 68,000 and 
2,600. Germany, where the power employed for lighting 
work approaches closely that of England, has 2,300 miles 
of track, and 5,400 cars, although the invested capital is but 
twenty-nine millions, as against England's thirty-five millions 
for an enormously less mileage and smaller equipment. 

The population of Great Britain is approximately 
40,000,000 as against 70,000,000, that of the United States. 
The area in square miles is, relatively, 121,115, and 3,581,885. 
Too much stress must not be laid upon territorial com- 
parison, although it would seem an evident corollary that 
the more dense the population the greater must be the 
demand for means of locomotion. 

These figures should, at all events, prove effectual in 
disposing of any doubt that electrical development is stable. 
That it is only at the beginning of its era, and that an 
enormous field lies before it in almost every path of com- 
mercial and social life, must be evident to every observant 
person. It is not, however, with its utility that I desire to 
deal so much as with the means.for its production : the 
production by our own country of all that is needed to meet 
not merely the wants of our home demand but that of our 
colonies as well. | 

Two important factors—cost and promptitude of delivery 
—attend successful competition in manufacture. Inspired 
with confidence in the future of electrical work, with, as it 
were, a prescience of those demands which must arise, and 
unincumbered with many of those restrictions and regula- 
tions which attend similar undertakings in England, other 
nations have seen and have seized their opportunity, gained 
experience, standardised their productions, and have thus, 
in advance of this country, prepared to meet any ordinary 
demand that may arise. 

Cost depends much upon our labour conditions. 
Within a very short period rivalry in manufacture will be 
far more acute than is even now the case, and in it labour 
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will play the chief part. America, as well as England, 
has her labour troubles. Trade Unions exist there as 
well as here, but the principles which govern them differ 
from those which prevail here. There the man works 
unrestricted, with all his might. Of what avail is education 
to the child if manhood fails to take full advantage of it ? 
In the following comment of the New York Sun we have 
an expression of opinion that may well be laid to heart: 
“When the British workman is willing really to work for 
his wages, then, and not till then, Great Britain may 
hope to survive in the great revolution which has begun 
to sweep through the modern economic world. There 
5 no indication that that willingness will be shown until 
the bitterness of dire adversity has wrung it from the 
misguided Labour Unions of Great Britain." 

The artizan should not lose sight of the fact that 
this question of cost is one which affects the employé 
as well as the employer. In the long run the master may 
be thrust to the wall. He may spend his last penny in 
keeping his works going, but when he closes those works the 
workman’s means of livelihood are also, so far as the industry 
there dealt with affects him, closed. Unhappily, identity 
of interest, so necessary to both master and man, is more 
frequently marked by its absence than its presence. Until 
the employé can be induced to recognise in a practical 
manner the fact that his employer's interest is also his 
Interest, those labour regulations which have been fruitful 
of so much harm to the manufacturing interests of this 
country, and which must in the end prove disastrous 
to the workman, will continue. So long as the production 
of a certain commodity is peculiar to a given locality, the 
question of cost 1s not so material ; but where its production 
в world-wide, labour conditions must subscribe to those 
obtaining elsewhere, otherwise the market for that com- 
modity will be lost. 

We are speedily approaching a condition in the 
industrial progress of the world that will test to the utmost, 
not merely our means of production and our skill, but 
our position as a nation ; for the pre-eminence of a nation 
wil in future be largely determined by its progress in 
manufacture, and from it mainly shall we have to look 
for the means by which the nation's power will be 
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maintained. A people may trade. Articles may be bought 
and sold, but food for the worker lies not there. The 
wealth of a land is to be found in that which it 
produces—whether from the soil or by the handicraft of its 
citizens. | 
In such a rivalry—however friendly апа generous 
that rivalry may be—it behoves us to consider how our 
manufacturing industry is placed in relation to that of other 
countries with which we have to compete; whether the 
conditions of production—labour, legislative enactments, or 
other restrictions, are such as give our rivals an initial 
advantage. The question is one of unexampled importance. 
We see and feel that the manufacture of any one article is no 
longer the privilege of any one country. The ready means 
of intercourse between nations—the feverish haste to 
exploit that which is new—all tend towards the establish- 
ment of a common knowledge of the productions of the day. 
Certain advantages remain to the locality from which the 
natural product is derived, but if this is submerged— 
lost in other directions—lost, for instance, in the cost of 
_ production—wherein is that country the richer ? We have 
seen that England, once the chief source of iron and steel 
rails, has in that industry met with serious rivalry. How long 
will our position in textile fabrics remain even as at present ? 
Is it not time we should look within ourselves and ask, 
Why is this so? To what is it due? Are our means of 
production at fault ; are they too costly, too much restricted ; 
or where are we to look for the reason ? 

. Gentlemen, I plead no excuse for having ventured to 
address you upon a subject which might, perhaps, more 
properly have been approached through the medium of 
some other branch of science, for the reason that it is one 
which so materially affects the future prosperity of this 
country, and amongst other industries none perhaps more 
so than that embracing electrical development, that I have 
felt impelled to avail myself of this opportunity to urge the 
importance of its consideration. We see other countries 
prepared and preparing to take advantage of every new 
development in industrial progress. We see vast sums of 
money embarked in it, and especially in the use and 
advancement of electricity in its various modes of applica- 
tion, and we see that here in England—the pioneer of 
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mechanical power and progress—we are indebted to a 
foreign source to meet a great portion of our wants. There 
is a cause, and if our country is to retain her rank as a 
nation it is necessary that this cause, whatever it may be, 
should be ascertained, and, if possible, removed ere it is 
too late. Are we sacrificing the substance for the shadow ? 
Are we, in our recognition of the liberty of the subject, in 
making provision for his welfare, so handicapping the source 
of his livelihood as to reduce its power of affording him 
that support ? Are we, on the other hand, fostering manu- 
facture and that which leads to manufacture? . We have 
sternly to face the fact that manufacture is daily becoming 
cosmopolitan : that the production of a land must form its 
staple source of revenue; and in this sense to emphasise 
the need to consider those liabilities to which the British 
manufacturer has, in relation to the conditions attaining in 
other countries, to subscribe. The subject is one which 
may, | humbly and earnestly submit, claim the most careful 
consideration of every branch of our Legislative Administra- 
ton, our labour organizations, and of every citizen of the 
British Empire. 


Professor M. MACLEAN : I ask you to accord our Presi- 
dent, Mr. Langdon, your thanks for his excellent address. 
He has touched on very many interesting points worthy of 
our consideration, especially the relative manufacturing 
outputs of America, of Britain, and of Continental 
countries. He also referred to the labour question, one 
which is of great difficulty and of great importance. I do 
not propose in any way to criticise or to offer any remarks 
upon his address. | simply ask you to award him your 
hearty thanks. 

I think I may take the liberty and opportunity, as Chair- 
man of the Glasgow Local Section of the Institution, to offer 
this Section’s heartiest welcome to the Institution. I am 
commissioned by my Committee to say that each individual 
of them will be most willing to offer any help to any 
member who wishes to visit the electrical exhibits in the 
Exhibition. 

The vote of thanks was carried by acclamation. 

The PRESIDENT: ] am extremely obliged to you for the 
complimentary manner in which you have received my 
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address. Although it is not quite on a technical subject, 
it is on a subject of so much interest at the present moment 
that I felt I might digress from the regular path. 

I have now, gentlemen, to call upon you to pass a vote 
of thanks to Professor Gray for the use of these rooms. 
Professor Gray has been so kind as to place at our disposal 
not only this lecture theatre, but also his own room, for use 
during the meetings of this Section. We are greatly in- 
debted to him. I should also add that Professor Gray has 
very kindly expressed his willingness to show and to explain 
to members the use of the various highly interesting pieces 
of apparatus employed in this section of the University. 1 
will ask you to express your thanks to Professor Gray in 
the usual manner. 

The vote of thanks was carried by acclamation. 

Professor A. GRAY: I should be glad if members of the 
Congress will come round and see the laboratory and 
apparatus. It is hardly necessary to remind members of 
this Section that there are many pieces of apparatus in the 
department which are historically interesting—for example, 
_ а series of instruments illustrating the evolution of Lord 
Kelvin's electrometers, the apparatus of Joule for the 
determination of the dynamical equivalent of heat, and 
many others. I am very much obliged to you for your 
vote of thanks. 

The PRESIDENT: It was thought by the Council that 
it would be well if we were to anticipate the visit of 
members to the Exhibition by a paper calling attention 
to some of the most important exhibits in the Electrical 
branch, and we therefore communicated with Mr. Sayers, 
who most readily compiled exactly that which was required. 
I will now ask Mr. Sayers to be good enough to read his 
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NOTES ON SOME OF THE CHIEF OBJECTS OF 
INTEREST TO ELECTRICAL ENGINEERS IN 
THE GLASGOW INTERNATIONAL EXHIBI- 


TION, 1901. 
By W. B. SAYERS, M.I.E.E. 


t. GENERATING AND TRANSFORMING PLANT AND INSTRU- 
MENTS IN USE THEREWITH. 


THE GENERATING STATION OF THE EXHIBITION. 


Mr. J. C. Ward, of the Corporation Electricity Depart- 
ment, has given the author the following account of the 
installation :— 

“The plant in the Machinery Section constituting the 
generating station for the supply of electricity to the 
Exhibition on the 500-volt continuous-current three-wire 
svstem (250 volts aside) is situated at the south end of the 
machinery hall and consist of the following— 


Six Water Tube Boilers : 
Two of 1,000 I.H.P. Babcock land type with chain grates. 


Оле of 800 , - Marine type hand-fired. 

Two of 1,000 ,, Stirling type, one with Vickers stokers 
and the other gas- or hand-fired. 

One of боо , Davey Paxman, with special super-heater. 


One of the Stirling boilers is fitted. for either coal or 
gas firing, and at present is being gas-fired, the gas being 
supplied from a Mason’s gas-producer situated at the back 
of the boiler-house. Weir and Worthington's pumps are 
feeding the boilers through Royal's and Berriman's heaters 
and Kennedy's water meters, the boiler steam-pressure 
being 175 Ibs. 


The Generating Sets are as follows :— 


I. Willans and Cromp- 
ton dex ... 1,200 1.H.P. Engine, Multipolar 
Generator compound, I,350amps. at 500 v. 

British ӛсһисКеті... ,, is 5 уз т T » 
Robey & Mavor & ` 
Coulson ... .. 500 ,  Multipolarshunt .. 700 , i 
+ Davey Paxman & 

ECC. == .. 500 p i compound 570 ,, n 


.. 


| 
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No. 
5. Belliss & Bruce ў 
Peebles .. .. 400 I.H.P. Multipolar compound 380 amps. at 500 v. 
6. Ernest Scott & Moun- 
tain - 250 , к shunt ... 760 ,, 250 


7. Alley & Maclellan & 


Mavor & Coulson 400 , " n 680 ,, » 
8. Browett, Lindley & _ 

Ediswan ... e. 250 4, 5 » 525 , T 
9. Cisson & Clark 

Chapman .. 150 ,, Two-pole shunt... 320 ,, ij 
10. Robey, & Scott & 

Mountain... .. ISo , Multipolarshunt ... 250 ,, ii 
II. Ruston Procter .. 150 , Two-pole compound 370 ,, " 
I2. Robey, & Scott & 

Mountain... .. 150 , Two-poleshunt  ... 200 ,, " 


“A balancer capable of dealing with an out of balance 
of 100 amperes is also installed by Messrs. Bruce Peebles 
close to the main switch-board and balances on the three- 
wire system of distribution. All the generators are worked 
self-exciting and run as shunt machines, the shunt regula- 
tion being controlled at the main board. The Lancashire 
Dynamo and Motor Company are also supplying current 
to the main board from three-phase plant installed at their 
stand. A continuous-current generator capable of supplying 
I50 amperes at 500 volts is coupled to a three-phase syn- 
chronous motor which is supplied from a three-phase steam 
generator of 200 k.w. capacity made by Messrs. Hicks Har- 
greave. In starting up, the continuous-current generator 
is started as a motor from the main switch-board and runs 
the three-phase synchronous motor up to speed. This motor 
is then synchronised with the steam generator, and the 
continuous-current supply regulated by a shunt-resistance 
connected at the main switch-board. 

“ At the main switch-board there is telephone communi- 
cation with all the sub-boards at the ends of the feeders, 
and the whole of the Exhibition lighting is thus controlled 
by the switch-board attendant at the main board.” 

In the Grounds.—The conductors for arc-lights were of 
aluminium. 

Mr. Camillo Olivetti, of Ivrea, exhibited in operation in the 
dynamo-room a new form of DIRECT-READING RECORDING 
WATTMETER. It consists essentially of a reversible motor, 
the armature of which operates through screw and worm 
gear, the scale pointer for direct observation, and also a 
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Ше оп a revolving drum for recording. The measurement 
o power is made by two coils, one shunt, and the other 
carrying the main current, just as in a Siemens wattmeter. 
А contact-making lever attached to the movable:coil stands 
dear between two contacts when the coil is in equilibrium, 
but movement to either side causes the motor to run one 
way or the other, while the screw mechanism also increases 
or reduces the tension of a spring which restores the balance 
of forces acting on the movable coil. The instrument thus 
records how much the spring has been extended to bring 
the movable coil into zero position. 

Mr. Olivetti, to whom I am indebted for the description 
of his instrument, states that he has made considerable 
improvements on the one exhibited. He gives the self- 
induction as 0:008 henry. Current in moving coil 0°025 
ampere. The power wasted in the fixed coil at the end 
of the scale is 20 watts, and that absorbed by the motor 
24-30 watts. No iron is used in the measuring part. Mr. 
Olivetti states that by using a number of coils and coupling 
them up mechanically he can measure the energy of a 
three-phase circuit with one instrument. 

Kelvin and ames White showed the latest forms of 
KELVIN measuring instruments, and notably the latest form 
of “Feeder Log." This instrument indicates and records 
the voltage and current on a feeder. · It has been very 
thoroughly worked out, especially with respect to the 
problem of facilitating the operation of changing the paper 
record sheets. The clocks operating the recording cylinders 
are driven by synchronised clock mechanism. 

Fergusson.—Another notable thing on the switch-board 
was the Fergusson AUTOMATIC OVERLOAD SWITCHES. These 
have the special feature that if an excess current passes 
when the switch is put on, the switch blades come free 
of the handle and fly off. Also the arc on breaking is 
partly blown out by an air-draft produced by the switch 
њен, and partly cut in two, as it were, by an insulating vane 
which slides over one of the contact blocks. 


PRIVATE EXHIBITS IN GROUP I. 


The British Schuckert Company.—This company showed 
in operation TRANSFORMING PLANT: 500-volt continuous 
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to 10,000-volt three-phase, by means of rotary and static 
transformers. The three 10,000-volt circuits are interrupted 
by а Schuckert Н.Т. SwiTcH, when about 5 amperes аге 
flowing in each circuit. Five amperes represent about 
80 k.w. Each switch unit consists of two terminals, each 
in the form of a wire frame, mounted so as to be in the 
same vertical plane. At the lower side the frames are about 
3 inches apart, but the rising wires diverge from each other 
at an increasing rate. The circuit is opened by a switch- 
blade at the bottom of the frames, and the arc which is 
established is carried upwards between the diverging wires 
by the air-current, and so stretched out until it breaks. 
Switches for 100 amperes and for 30,000 volts are also 
shown. | 

Bruce Peebles & Co. exhibited a 250-k.w. GENERATOR in 
the generating section—coupled to a Belliss T.C.T. Engine; 
380 revolutions, 480 volts, 400 amperes shunt; 550 volts, 
450 amperes compound. The generator is stated to have ' 
a fixed lead for all loads up to 25 per cent. overload, and the 
set a combined efficiency of 87 per cent. 

Hick, Hargreaves & Co., and the Lancashire Dynamo and 
Motor Company, Limited.—The stand is designed to repre- 
sent a high-pressure transmission scheme generating current 
at 5,000 volts, and transmitting it direct to 5,000-volt three- 
phase synchronous motor, driving a 6-pole direct-current 
dynamo wound for 500 volts, running at боо revolutions 
per minute, and supplying 150 amperes to the Exhibition 
mains, ALTERNATOR : This machine is 200-k.w. three-phase 
alternating, generating current at 5,000 volts between any 
of the three terminals, the armature coils are star-connected, 
the star-connection being earthed. The alternator is of the 
stationary armature and revolving-field type, the fields con- 
sisting of laminated poles bolted to a steel ring, which is 
shrunk on to the rim of the engine fly-wheel, and the wind- 
ing 15 of copper strip wound on edge. The armature 15 
built up of wrought-iron stampings with all the joints 
staggered, so as to avoid any loss of permeability. The 
slots are open so as to enable the armature coils to be 
wound on formers, then taped up and slipped into the slots, 
being retained in position by wooden wedges, driven into a 
dovetail opening in the side of the slot. The number of 
the poles is 40, and the periodicity 50, the machine running 
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a 150 revolutions per minute. Screw gear is provided to 
move the armature clear of the fly-wheel, leaving either the 
held or armature coils readily accessible. The armature is 
spit on the horizontal diameter, so that the top halí may 
be entirely removed by means of adjusting screws. The 
armature can be moved in either direction to centralise with 
the feld. The exciter is driven by ropes from a pulley 
bolted on the fly-wheel boss, and is of their standard type 
htted with a patent brush gear. Current is carried to the 
high-tension switch-pillar in a cast-iron case consisting of 
six double-break switches, two in each phase, and three 
Wigh-tension fuses, опе in each phase. The synchronising 
gear and high-tension ammeter and voltmeters are fixed on 
a marble switch-board panel. The ROTARY TRANSFORMER 
consists of а three-phase 500-volt synchronous motor, 
coupled to a 6-pole direct-current dynamo. The alternating- 
current motor is of the same general design as the large 
alternator, and is wound for the same pressure ; no step- 
down transformer is used. The armature has a slotted core 
with open slots, and is of the drum type bar-wound. The 
switch-gear for the direct-current side of the rotary trans- 
former is mounted on a marble panel, and consists of a 
double-pole switch, starting switch, an automatic circuit- 
breaker and shunt-regulating switch. The rotary can thus 
be started from the direct-current side and synchronised ; 
then, on strengthening the field, the direct-current machine 
will supply current to the Exhibition mains. 

Mather © Platt, Ltd. exhibited their 10-polar, 8oo-k.w. - 
DvxAMO for Salford. The following information with 
regard to the machine has been given to me by Messrs. | 
Mather & Platt :—Poles and shoes are cast in one, and are 
bolted to the ring after the field spools have been slipped 
over them. The armature core is built on a double spider 
on which half-coupling for bolting to engine fly-wheel is 
cast, so that no stress passes through the shaft. The winding 
is of ordinary parallel drum type. There are 600 bars in the 
commutator. Тһе diameter of the armature is 8ft. 6in., 
and that of the commutator, 7 ft. 2 in. 


Speed, 100 revs. per minute. 
Outpat as shunt .. 480 volts x 1,615 amperes | Normal loads. 
- + compound 525 9 x 1,476 ” 
m В 525 „ X 1,845 2 Overload of 25\per cent. 
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Commercial efficiency stated to be 951 per cent. 
Losses :—Hysteresis and eddies, 2727 per cent. 
C?R T 5% 2:57 рег сепі. 
Friction .. c O'IS per cent. 
Temperature rise :—Not exceeds 60°F. after ten hours full-load run at 
either voltage. 
Weights: Armature, 25 tons. 
Magnets, 25 , 


Mavor & Coulson, Ltd.—This firm's chief exhibit was the 
350-k.w. slow-speed generator coupled direct to a Robey 
Engine in the generating section. This set is of special 
interest on account of the slow speed at which it is run. 
Mr. Mavor's belief is, 1 understand, that the increased 
durability and security obtained by running at such a slow 
speed is worth the additional first cost, and the additional 
space occupied. Messrs. Mavor & Coulson favoured me 
with the following particulars of this generator :— 


Armature, 7211. x 22 in. 

Watts per square inch cooling surface in fields, 0:57. 

C?R loss in armature = 14,780 watts Watts per square 
Estimated core loss in armature 26,700 watts | inch= 1:89. 
Numbers of section in commutator — 832. 

Peripheral speed of commutator — 1,360 ft. per second. 

Current density in brushes (full load) 2 29 amperes per square inch. 


2. GAS-, OIL-, AND COAL-DUST ENGINES. 


The British Westinghouse Company showed in operation a 
WESTINGHOUSE THREE-CYLINDER GAS ENGINE, 125 B.H.P., 
260 revolutions, direct-connected to 75 k.w. generator, 125 
volts. The three cylinders of the engine each work on the 
Otto cycle. The cranks are set at 120°, so there is an 
impulse every two-thirds revolution. The governing is 
effected by varying, not the quantity of the gas, but the 
quantity of mixture, which is always of the best propor- 
tions. Three 250-H.P. engines of this type are stated to 
be driving two-phase 60 periods alternators in parallel at 
Saltley with entire success. The plant is stated to con- 
sume 18 cubic feet of town gas per k.w. hour output. The 
current from the gas-driven dynamo is used to operate 
various machines in the pavilion, including the 325 k.w. 
generator set with Markham Cross Compound Engine. 
The generator of the set is wound tor 500 volts, but it is 
driven as a motor up to within about 20 per cent. of its 
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nomal speed with 125 volts current by reducing the magnet 
excitation. 
Disel Oil Engine —A 20 B.H.P. DIESEL OIL ENGINE was 
shown in operation. This engine is of peculiar interest in 
that it has no special ignition apparatus. A charge of com- 
pressed air is further compressed by the returning piston to 
а pressure of between 500 to боо 165. per square inch. The 
high compression of the air raises its temperature sufh- 
dently to ignite the oil and air spray, which is injected from 
the commencement of the out stroke for as long a period as 
the governor may determine. The combustion is thus 
much more gradual than in other oil and gas engines. The 
engine has been very favourably reported on by Professor 
Unwin in this country and Professor Meyer in Germany. 
According to the latter, the consumption of Baku oil in an 
engine of German manufacture, having a working stroke 
every two revolutions, was about 0'475 lbs. per brake horse- 
power hour. 

The engine exhibited was manufactured by Messrs. Scott 
& Hodgson, of Guide Bridge, Manchester. It is of hori- 
zontal type and has a working stroke every revolution. The 
rated power is 22 brake horse-power ; speed, 210 revolutions 
per minute. 

The engine is started at once from cold. To accomplish 
this, one of the pump cylinders is transformed by suitable 
mechanism operated by a hand lever into an air-engine 
cylinder. A store of air at high pressure which has been 
drawn from the engine during previous working is used to 
give the engine a few turns, and when a certain speed is 
attained the oil supply is turned on to the working cylinder 
and the engine starts. The engine takes an impulse every 
revolution. There is a low-pressure pump in tandem with 
the working cylinder to blow through the latter, and two 
pumps for compressing air up to the necessary pressure for 
spraying the fuel into cylinder. 

D. Stewart © Co. showed a MCCALLUM's COAL-DUST 
BURNING ENGINE. тоо H.P., 150 revs. This engine has 
been built for a syndicate, and is in an experimental stage. 
It has been run for periods of half an hour or so light. The 
piston is of plunger form, so that there is no sliding on the | 
surface of the cylinder, but only in a gland round the 
plunger. Above the gland is а sill of water or (апа?) oil 
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in which any burnt dust collects. The combustion is effected 
in a chamber adjoining the working cylinder. A plate of 
heated iron is thrust from a recess by an eccentric wheel 
and rod into this chamber, and at the same time enough 
coal-dust for one impulse is blown on to the plate at the 
time when the piston (plunger) is at the back end of its 
stroke, at which time the chamber is full of air which has 
been compressed by the returning plunger. Mr. McCallum 
states that the consumption of coal-dust is 4-lb. per 1.H.P. 
in an engine of this size. 


3. ELECTRIC TRACTION. 


British Schuckert Co.—This firm exhibited a SURFACE 
CONTACT TRAM-CAR SYSTEM similar to that in operation at 
Munich. The road contacts are made alive in succession by 
automatic switches which are grouped in road boxes at inter- 
vals of about 120 yards. The switch units are provided with 
sliding contacts, and are held solely by contact spring clips. 
A switch unit can be pulled out and another pushed into its 
place. The act of pushing in makes all connections through 
the spring clips, and the switch is ready for work. 

A feature of the system is that the car carries a trailing 
brush which connects the road contact to the rails just 
before it passes from under the car. Should the road 
contact be alive from any cause, the short circuit causes the 
section to be cut off by means of an overload switch. 

They also showed ELECTRIC LOCOMOTIVES in operation. 
There were two: one to work off 250-volt overhead sup- 
ply, the other carrying 39 accumulator cells of 66 ampere- 
hour capacity ; the latter is stated to be adapted to haul ten 
tons at four or five miles per hour. 

The British Westinghouse Company exhibited a RAILWAY 
CiRCUIT-BREAKER on switch-board. The current at which 
the circuit-breaker acts is readily adjusted by means of a 
sliding weight. On breaking circuit the arc is broken 
between two carbon blocks, which are carried on arms that 
reach above the board so that the flash is out of harm’s 
way. 

They also showed an ELECTRIC TRAM-CAR, fitted with 
Newell track brake. The magnets, in pulling towards the 
rails, also pull the shoe brake on to the wheel, increasing the 
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adhesion at the same time as the brake is applied. The 
brake is operated by the car motors run as generators. 

The motors can be inspected from below the car, and are 
0435 Н.Р. according to American rating, that is a rise of 
50°C. at the end of one hour's run. 

Dick Kerr & Co. showed a TRAMWAY GENERATOR by 

the English Electrical Manufacturing Company, Preston. 
350 volts, 910 amperes, 9o revolutions per minute. The 
amature is designed to be pressed directly on the 
shaft of engine. Тһе field poles are of laminated steel, cast 
into the cast-iron yoke. The armature bars are without 
ints except where they connect to the commutator. The 
machine is a duplicate of a number already in use. It is 
stated that, on actual test, the machine ran for ten hours at 
full load, and for two hours thereafter at 50 per cent. 
overload with a rise of temperature of 579 Fahr. 

They also showed CONTROLLERs. One of those ex- 
hibited embodied a rheostatic electric brake operated by 
throwing the controlling handle in the opposite direction to 
that used in applying power. 


4. CONTROLLERS, STARTING SWITCHES AND STARTING 
RHEOSTATS. 


Lahmeyer & Co. showed a CONTROLLER FOR OVERHEAD 
TRAVELLERS. Byaningenious mechanical gear, two switches 
are operated in such a way as to produce cross and traversing 
motion at the same time by means of one handle, which has 
to be moved іп a direction corresponding with the direction 
in which it is desired to move the traveller. 

The Sturtevant Engineerng Company exhibited MOTOR 
STARTING SWITCHES. А starting switch was shown with time 
limit overload. The trigger magnet, which is in series with 
the main circuit, is shunted with an iron ribbon resistance. 
If the overload is not too great and does not last too long, 
the trigger does not act ; but if the load is above normal and 
lasts too long, the ribbon becomes heated, and owing to its 
increased resistance, more current passes through the trigger 
coil and operates the trigger. A short circuit or excessive 
overload current operates the trigger immediately. They 
also showed a MULTIPOLE-SWITCH STARTING RHEOSTAT in 


Operation, in which a PM of separate switches, with 
VoL. 81. 


18 SAYERS : CHIEF OBJECTS OF INTEREST IN (Congress, 


trigger arrangement that prevents them from being put on 
in the wrong order, are used in place of the usual sliding 
blade. They also had a SELF-STARTING SWITCH FOR 
MOTORS, shown in operation. It consists of a number of 
solenoids and contact switches which act in succession, 
when once started, by making a circuit through a small 
switch. | 


5. SUNDRY APPLICATIONS OF ELECTRICITY. 


(a) Clocks. 

Barr & Stroud showed an ELECTRIC CLOCK. The com- 
mutator of the transmitter is a novel and pretty device, as is 
also the ratchet mechanism of the electric clock ; the latter 
forms an absolute locking ratchet and is, it is believed, the 
only one ever devised. 


(b Drilling-Machines. 

Mather & Platt, Lid., exhibited a DRILLING MACHINE 
WITH MAGNETIC ADHESIVE FOOT. The foot of the drill 
pedestal contains an exciting coil through which passes a 
central core, and over which the cup or bell-shaped foot 
extends. The central core and edge of the cup are planed 
off level, so that when set upon an iron surface the magnetic 
circuit through the coil is completed, and the foot adheres 
with a force of about three tons when the coil is excited. 
It is recommended to use dogs for heavy work, to prevent 
the drill foot from creeping. 


(c) Mining. | 

The British Schuckert Company exhibited ELECTRIC 
HAULAGE for mining work. The rope drum is driven 
through a friction coupling consisting of two opposing 
discs, each fitted with projecting wires like brushes. If the 
cage should catch, the coupling slips and avoids breaking 
fuse. There is an automatic switching-off arrangement to 
avoid over-winding. They had also ROCK DRILLS in opera- 
tion. For cutting hard stone the feed is caused by hydraulic 
pressure, and is not therefore at any given rate in proportion 
to the speed of the drill; on the other hand, the rate of 
cutting will be determined by the actual hardness of the 
stone being cut at the moment, and the highest practical 
rate of cutting can thus be attained without endangering 
the drill. | 
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Clark, Stevenson & Co. had a COAL-CUTTING MACHINE 
with wheel cutter ; traverses one yard per minute, and under- 
cuts 3 ft. 6 in., taking 23 H.P. to drive.: 

Marvor © Coulson, Lid. showed a HURD’S COAL- 
CUTTER. The bar cutter is drawn backwards and forwards 
whilst rotating—this causes it to clear itself of cuttings. 
The motor is 14 Клу. The coal-cutter will cut 110 yards 
3 ft. 6 in. deep per four hours, which includes time in laying 
rails; time of actual cutting, 150 minutes. They also 
show a SHIP DECK PLANER, which does the work of seven 
men and requires two men to operate it. The motor is of 
3 H.P. 


id Motors. 


Selig, Sonnenthal & Co. showed the Stow Manufacturing 
Company's MOTOR with flexible shaft. The speed of the 
motor can be varied 50 per cent. (it is stated) by with- 
drawing or converging the magnet poles or part of them. 


(c) Overhead Conveyer. 


Mather & Platt, Ltd., had an OVERHEAD CONVEYER for 
carrying goods or luggage in railway stations, etc. Lifts 
20 cwt. at 26 ft. per minute, travels 700 ft. per minute ; 
fitted with 2 B.H.P. motor. The current is carried by the 
rails, which are insulated from the columns. 


(f) Printing. 


The Glasgow Herald showed a HOE PRINTING PRESS 
ELECTRICALLY DRIVEN. The press is a four-roll one with 
two folders, with output of 48,000 copies of eight-page paper 
per hour, or 24,000 copies of sixteen-page paper. The 
electrical equipment is by the British Electric Plant Co., Ltd. 
The motor is rated at 50 H.P., wound for 500 volts and 400 
revolutions. It is geared direct with steel gears into a spur 
wheel on the machine-driving shaft. The special features 
of the driving refer to the starting and the turning of the 
machine slowly forwards or backwards which is necessary 
in " making-ready." A motor-generator or “reducer” is 
used which takes in current at 500 volts and has an output 
capacity of 75 amperes at 75 volts, or between 5 and 6 k.w. 

In starting the motors the sequence of operations is as 
follows :— | 
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(1) Shunt of motor is excited off the 500-volt-supply. 

(2) The motor-generator is started up. 

(3) The 75-volt side of motor-generator is connected 
direct to motor brushes, and machine starts to run 
slowly. 

(4) The 500-volt-supply with resistance in circuit is 
connected in parallel with motor-transformer on to 
motor brushes. 

(5) The resistance іп 500-volt-circuit is gradually cut 
out. When the speed of motor has increased 
sufficiently to cause the pressure at motor brushes 
to exceed 75 volts, the current from motor- 
generator falls to zero, and a minimum cut-out 
operates and breaks the 75-volt-circuit and also the 
500-volt-supply to motor-generator, which therefore 
stops and leaves the main motor with more or less 
resistance in armature circuit on the 500-volt- 
supply. 


The whole of the operations are performed by means of 
a single hand-wheel mounted on a screw which moves a 
traversing carriage. This carriage in its passage operates 
the several switches, and after the motor is started the con- 
tinued movement cuts out the resistance. The machine 
can be stopped from a number of pushes fixed in con- 
venient positions and from beside the main switch: The 
pressing of a push short-circuits the hold-on magnet of a 
fly-away switch. The motor armature is left coupled up 
with its field, and a brake—the weight of which is held in 
suspension while current is flowing to the motor—comes 
into operation and stops the machine. The main switch 
hand-wheel must be run back to the starting position before 
current can again be put on to the motor. The machine 
starts with about 40 amperes through the motor, takes about 
65 amperes at half-speed, and 90 amperes at 21,000 copies 
of a sixteen-page paper per hour. 

Mr. H. D. Robertson, manager of the Herald, and Mr. 
W. L. Spence, patentee of the arrangement, kindly arranged 
to be present to show the machine in operation. 


(9 Pumping. 
The British Schuckert Company had a PUMPING PLANT in 
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operation consisting of a direct-coupled, twin duplex pump 
to deliver 3,200 litres per minute against a head of 520 
metres. The motor is a Schuckert standard, multipolar 
type, stated to be capable of developing 615 H.P. It is 
mounted between the two pumps, and is designed to run at 
146 revolutions per minute for ro ft. suction, or up to 165 
for smaller suctions. The pumps are by Erhardt and 
Sehmer, and have concentric valves. 

Mather & Platt, Ltd., had ап ELECTRICALLY-DRIVEN 
FEED Pump. The quantity of water delivered by the pump 
is controlled by varying the length of stroke of the plungers. 
The stroke is varied by moving the pin which drives the 
plungers on an axis which is eccentric with the axis of 
rotation; this is accomplished by mechanism operated 
through a hand-wheel. 

Mavor & Coulson had a CENTRIFUGAL PUMP which, direct- 
coupled to 4 Н.Р. motor, throws 4,000 gallons per hour 
against so ft. head. 


(4) Search Lights. 


The British Schuckert Company, in their search-light tower, 
had a SEARCH-LIGHT LAMP, type 6,150, 5 ft. diameter, 150 
amperes. The lantern is provided with two small motors, 
by means of which it may be operated systematically from 
below to sweep a given area. The 500-volt-supply current 
is reduced in a motor-transformer in the base of the tower. 


6. TELEPHONES. 


Telephone Switch-Board. 

The Glasgow Corporation had a SWITCH-BOARD adapted 
for 400 metallic circuit lines, made by the Telegraph Manu- 
facturing Company, Helsby, which is at present operating 
969 subscribers and 15 junction lines. These lines are also 
fitted with test-jacks, lightning guards, and high-voltage 
guards. Тһе system of switching is the “ Bennett-M'Lean," 
which yields the same results as the call-wire system, but 
does not require a special call-wire, the subscriber's metallic 
loop being utilised from the call to the operator. This is 
managed by means of relays which are wound so that the 
armature remains unaffected when a current passes through 
the coils in series, but is actuated when a current is supplied 
between the two coils, splitting between them. А соттоп 
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battery with one pole to earth is joined to a point between 
the coils, and the subscriber, when pressing a special key, 
brings this battery into operation, thereby holding down 
the armature. The armature is arranged to bring the 
operator's telephone into circuit when attracted, so that 
when a subscriber presses his key he is in communication 
with the operator, but when the key is unpressed the 
operator is cut off from the line, which is then available for 
talking to other subscribers. "There is also exhibited an iron 
standard such as is used for overhead construction by the 
Corporation, fitted with “ Bennett" channel-iron arms and 
“ Bennett” insulators. | 

Specimens of the underground cable used by the Сог- 
poration, and manufactured by the British Insulated Wire 
Company, were also shown, together with a model of a steel 
terminal distributing pole. There are two call boxes 
attached to the exhibit from which communication can be 
had all over Great Britain and Ireland, by means of the 
Post Office trunk lines, as well as to all Corporation sub- 
scribers. Examples of the wall and table instruments used 
by the Corporation are also shown. 

The National Telephone Company had an Exchange fitted 
up and working in the Exhibition, and with this exchange 
were connected 110 exhibitors’ stances. Theswitch-board 1s 
fitted with the latest American device, whereby, when an 
exhibitor presses the key of his instrument, a lamp indicates 
at the switch-board that he is calling. Ап electric-motor 
generator, deriving its power from the electric light mains 
in the building, is provided at the switch-board for ringing 
purposes. Ample call office accommodation has been 
provided, and ten special boxes fitted up for the use of the 
casual caller. By payment of one penny per call, com- 
munication can be had with any one connected in the 
Company's Glasgow Exchange area. For the usual trunk 
charges communication may be had throughout the 
kingdom. 


7. MISCELLANEOUS. 


R. G. Ross & Sous showed Ross's SPEED REDUCTION 
GEAR. This is an ingenious type of sun and planet gear. 
It is very compact and quiet in working. Mr. Ross obtains 
practically any speed ratio with two pairs of gears and an 
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eccentric. He has supplied several sets to Guinness's 
Brewery in Dublin ; these have a ratio of 6,133 to. one. 
The efficiency of this gear is given in tests, copies of which 
have been supplied to me, at 87 per cent., but it is stated 
that it is often as high as 95 per cent., and I do not doubt 
that this is so. 

The British Westinghouse Company showed EXPERIMENTS 
WITH REVOLVING FIELD (Two-phase). Iron discs were 
shown rotating in the neighbourhood of a ring in which 
a revolving field is generated by two-phase currents. 


The PRESIDENT: I almost feel it unnecessary to call 
upon vou to express your thanks to Mr. Sayers for his 
kindness in writing this paper, for you have, in fact, already 
done so by the manner in which you have received it. We 
thank Mr. Sayers for his very lucid paper ; it will be of very 
much use to us, and still more so for reference when 
printed in the Proceedings of the Institution. 

A vote of thanks.to Mr. Sayers was passed by acclama- 
tion. 

The PRESIDENT : With a view to assist you in visiting 
those points of most interest in the Exhibition alluded to by 
Mr. Sayers, it has been arranged, through the kindness of 
Mr. H. A. Mavor, who has taken a very great deal of interest 
in the subject, and who has been so good as to get together 
a band of gentlemen thoroughly acquainted with the exhibits 
who will act as guides, that on leaving this room those who 
desire to do so shall arrange themselves in groups and visit 
the Exhibition under the guidance of these gentlemen. 

I should add that the exhibitors have promised to place 
their attendants on duty, so that in case questions are asked 

there shall be some one present to give the necessary in- 
formation. 


MEETING OF WEDNESDAY, SEPTEMBER 4th. 


The PRESIDENT : I think it may perhaps facilitate our 
business if I announce at the present moment that it has 
been suggested and agreed to by authors of papers that 
their papers shall be read in abstract and not in extenso. 
The time at our disposal will not admit of our dealing with 


papers in full. 
1 have now the pleasure of introducing to you Herr 
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Lasche, the author of the paper on “ High-speed Electrical 
Railway-Cars of the Allgemeine Elektricitats Gesellschaft, 
Berlin.” One great feature which will, I am sure, attract 
your attention in this paper is the enormous care taken by 
the Association for the study of Electrical High-speed 
Railways, the association which was formed for the purpose 
of investigating this matter, in order to arrive at a conclu- 
sion on many of those points which are so material to the 
definition of the question. 


HIGH-SPEED RAILWAY-CAR OF THE ALLGE- 
MEINE ELEKTRICITATS GESELLSCHAFT, 
BERLIN. 


By O. LASCHE (Berlin). 


The German “Association for the Study of Electrical 
High-speed Railways” (Studiengeselischaft fiir elektrische 
Schnellbahnen) has been formed with the object of gaining 
experimental knowledge of the electrical working of long- 
distance railways, and as to the construction of the cars, the 
consumption of power, and the wear and tear of the per- 
manent way, as well as of the limits within which railways 
can be run by electricity on a sound, technical, and 
economical basis. The theoretical study of the question, 
and the experiments resulting therefrom, have, up to the 
present time, been of a general character only, and have 
had no reference to the planning of any special track. 
The first trials will be commenced shortly on the military 
railway from Berlin to Zossen, which the Imperial Military 
Railway Board of Administration has placed at the disposal 
of the Association. 

A speed of 200 kilometres (124 miles) per hour has been 
assumed as the maximum for the present construction of 
car, but this does not imply either, on the one hand, that 
the main object of the experimental line will be the attain- 
ment of this speed, or, on the other hand, that there may 
not be a possibility of running at still higher velocities. 
The trial has for its special object the establishment of a 
sound basis for the projection, construction, and working 
of lines at the usual (or at higher) speeds. In certain 
technical journals and newspapers the attainment of a speed 
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of 200 kilometres per hour has been ridiculed as being 
impossible, whilst in others it has been repeatedly asserted 
that this speed can be attained by steam locomotives. 
Indeed, the Americans claim to be able to travel at still 
higher velocities ; and it is much to be desired that efforts 
should still be made in this direction with steam railways. 
In view of the present requirements of traffic, efforts should, 
of course, be made to travel more quickly, but special 
attention must be devoted to making travelling more convenient 
for the public; and electric traction is the best for this 
purpose. Naturally, the object of the present experiments 
and of those conducted during the next few years will be to 
compare the economy of the electrical systems with those 
in which steam driving is employed, and to ascertain the 
total cost of each system when running at different speeds, 
and especially at the higher speeds. It must be remembered 
that money was not treated as the main consideration when 
electric light and electric power were introduced. Indeed, 
even at the present day electric light is often much more 
expensive than gaslight, and yet it is very extensively used. 
In the same way the electric working of railways is likely at 
first to be largely adopted in cases in which the higher cost 
(if, indeed, the cost should prove to be higher) may be 
disregarded on account of the greater convenience afforded 
by the system. In this way the introduction of electric 
long-distance traffic may be easily developed and uni- 
versalised. 

The ability torun separate motor-cars in rapid succession 
is a great advantage in favour of electric driving ; and such 
a service of motor-cars has been proposed for use on 
suburban and long-distance lines. With this in view, the 
experimental cars of the Association have been built in the 
form of passenger-cars rather than as locomotives. This 
method of working with single cars, running without pro- 
ducing smoke and at short intervals, is already required by 
the public, and should therefore be remunerative. Another 
advantage attendant on electrical driving is that, on lines on 
which the traffic is increasing, the existing permanent way, 
bridges, etc., may be retained ; because, in place of heavier 
locomotives and longer trains, light and separately running 
motor-cars will be used. 

The permanent way and its maintenance are of course 
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very important considerations in connection with the 
electric system, and further considerable improvements are 
necessary ; but the trials about to be made by the Association 
should show to what extent the wear produced by electric 
locomotives is less than that caused by steam locomo- 
tives. 

The experiments will, it is hoped, establish a basis for the 
calculation of the working expenses of electric main lines, 
and also of the outputs of motors for the various speeds and 
of the increasing influence of air resistance, as well as for the 
determination of the size of power-stations necessary. The 
lower limit of speed at which electrical may be more 
economical than steam traction is about as little known as is 
the higher limit. All that is known is that, with steam 
locomotives, the consumption both of steam and (more 
especially) of coal is very greatly increased with increasing 
speed. But by centralising the generation of power the 
circumstances will of course be entirely different. Large 
steam engines of the best construction may then be used with 
boilers provided with super-heating and feed-water heating 
apparatus. This centralisation (and consequently the 
attainment of a practically uniform load) is now possible 
for very long distances. Three-phase alternating current 
can be generated at a pressure of 40,000 or 50,000 volts, so 
that electrical energy can now be transmitted for very great 
distances without serious loss ; and all therailway lines over 
a large area can be supplied with current from a central 
station placed in a favourable situation. 


NATURE OF CURRENT USED. 


Asthe problem to be solved is that of long-distance trans- 
mission, the current to be adopted should be three-phase 
alternating current of high voltage. For the experiments 
to be described a current of only 10,000—12,000 volts was 
necessary ; it was supplied by the Oberspree Central Station 
of the Berliner Elektricitats-Werke, the distance from the 
central station to the nearest point on the trolley wire being 
about 15 kilometres [9:3 miles]. At present, the current 
supplied to this wire is at a pressure of 10,000—12,000 volts, 
and the transformers are mounted in the car itself, a low 
voltage—435—being used for the motors. With regard іо · 
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future developments, it is still an open question whether it 
willbe advisable to keep the heavy weight of the transformers 
within the car,or whether it may not be preferable to reduce 
the high pressure (about 50,000 volts) by transformers 
alongside the track, to a medium pressure of about 3,000 
volts, and to wind the motors for this latter voltage. 
The conversion of three-phase into continuous current 
is not practicable for the service of long-distance railways, 
because it requires the use of rotating machinery and con- 
sequently necessitates attendance, whilst transformers for 
varying the potential of three-phase current have no moving 
parts. Moreover, continuous current demands the employ- 
ment of a very low voltage, and therefore of short distances 
between the transforming stations. It might, however, be 
necessary to use continuous current for long-distance cars 
while passing through a large town, the three overhead wires 
of the three-phase system being inconvenient for points 
and crossings ; a slow-speed locomotive could then be 
coupled temporarily in front of the car. 


INVESTIGATIONS. 


The problem set to the Allgemeine Elektricitats-Gesell- 
schaft was as follows :—To construct a motor-car to run at 
a speed of 200 kilometres per hour and to-accommodate 
50 persons. The car to have two bogies with three axles 
cach, and the motors to be adapted for a total output of 
1,100 H.P. normal and 3,000 H.P. maximum. The electric 
current provided to be three-phase at 12,000 volts, and at a 
frequency of 50 complete periods per second. The weight 
of the cars to be as small as possible, but on no account 
to exceed 8 tons per wheel ; and the shape to be such that 
the car is within the standard structure gauge necessary to 
allow it to pass over the lines of the State Railway. 

In the first part of the present paper some of the 
preliminary experiments and investigations are described, 
as they are of special interest in view of the novelty of the 
whole system. The description of these investigations 
shows in the clearest possible way the results which it was 
sought to attain. The second part contains the description 
of the car and its electrical arrangement. 

Although primarily experimental, the car was con- 
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structed to run permanently at any speed decided upon after 
the trials shall have been completed. It must not, of course, 
be compared with the ordinary tram-car or with the low- 
speed locomotive, for the motors, the transformers, and the 
starting and regulating apparatus are of an entirely new 
type. 

In this paper an account is given of the attempts made to 
attain the lightest possible weight both for the car and for 
the electrical equipment, i.e, transformers, motors, and 
apparatus (Section 1). 

In view of the high speed desired, the Company thought 
it necessary to find means to relieve the axles from the 
heavy weight of the motors, or at least to prevent the axle 
from being directly burdened thereby (Section 2). 

The starting and regulating apparatus for а 3,000-H.P. car 
could not be constructed of the same type as that used for 
the ordinary controllers for cars requiring hardly 100 H.P. 
Experiments on a very large scale were therefore necessary 
in order to test the novel arrangements (Section 3). 

Braking at a speed of 200 kilometres per hour (that is 
at a peripheral speed of 56 m. [184 ft.] per sec.) by means 
of friction brakes was found to be unsatisfactory, and it 
was therefore necessary to provide means for braking 
electrically (Section 4). 

A large number of other new details had also to be 
designed. The motor bearings have to work at a surface 
speed of about 14 m. [46 ft.] per second, and the collecting 
rings of the armatures at a speed of about 40 m. [131 ft.]. 
The trolleys required special consideration, and presented 
one of the most difficult of the problems to be solved. 
The preliminary steps that were necessary in this con- 
nection are described in Section 5. 


I.—WEIGHT OF THE ELECTRICAL EQUIPMENT. 


Figures 1, 2, and 3 show the changes made in the main 
design of the car, and especially in that of the body of the 
car at the beginning of the trials. At first, in view of the 
condition that the car must be able to run either forwards 
or backwards, it was proposed to construct a driver's platform, 
containing the necessary starting apparatus, at each end, 
the construction being such as to enable the driver to control 
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the whole car, including the motors of the rear bogie, by 
means of the front starting device. The arrangement of 
cables required for this purpose proved, however, to be 
impracticable for the 3,000 H.P. which was to be used. 
Matters were facilitated by having two separate electrical 
equipments, one for each bogie, and operating the rear 
starting device at a distance, either by means of an electro- 
motor, or by compressed air, or by water pressure, or the like. 

Fig. 2 shows the two driver's platforms combined in 
one, with a single compariment for the apparatus, in which, 
however, the two circuits were kept separate. This com- 
partment had two divisions, the lower for the necessary 
apparatus and machinery, and the upper for the driver and 
the starting and regulating apparatus. Although on account 
of the high speed, the observation and inspection of the last 
3o metres of the track is impossible, the arrangement was 
again altered and the driver's platforms were placed at the 
two endsofthe car. Efforts were made to leave the front and 
rear windows of the car unobscured for the benefit of the pas- 
sengers, as a view in these directions is especially desired. 

These ,three main conditions—the stationing of the 
driver at the front of the car, the placing of the apparatus in 
the position which calls for the shortest cable connections, 
and the devotion of every consideration to the comfort and 
safety of the passengers—led to the development of the last 
design, Fig. 3. The whole of the apparatus, cable, and 
safety devices are arranged in the middle compartment, 
which, with the transformers below it, is separated from the 
passenger-compartments by air shafts with double iron 
walls. The driver always stands at the front of the car, 
separated from the passengers, in a compartment in which 
there are no connections at high electrical pressure. The 
control is effected from the driver's platform by mechanical 
transmission. 

It has already been stated that the transformers had to 
be mounted in the car itself, although they add much to the 
total weight of the car. 

In making the calculations for the transformers and 
determining the cross-sections necessary for the iron, the 
question of the heating and cooling of the iron and of the 
copper coils is of the greatest importance. The cooling of the 
transformers by air taken from below the car is impossible, 
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on account of the large amount of dust produced when 
travelling ata high speed. Оп the other hand, the designs 
showed that a great gain in weight is possible if air is passed 
through the cores of the transformers, and the insignificant 
amount of cooling possible from the surface of the casing 
isnot alone depended upon. Two air shafts led from the 
roof (Fig. 4) to the transformers in such a manner that the 
front shaft was used for the admission of fresh air, and 
that in the rear for its emission after it had become heated. 
Special care was taken to withdraw the moisture from the 
ar in rany weather and to ensure that it is dried and 
hitered before it enters the channels of the transformers, 
although the actual contact of the cooling air with live 
conductors is avoided. 

Further economy resulted from the use of a liquid start- 
ing device of an entirely new construction, instead of the 
metal starting device with coils or plates of resistance 
material at first provided (Section 3). 

The following summarised statement shows how the 
weights varied іп the different investigations :— 


| Weight of Plant. 
System 1 System II. | System III. 
| (Fig. т.) (Fig. 2.) Fig 3. 
| kg. kg. kg. 
' 4 Motors 16,000 16,000 12,800 
| (a) 2 Transformers 13,000 13,000 6,500 


| (b) Starting resistance with cas- 
| ing ... ... TP 


‚ () Controllers with driving Шул 504 ХАС 
mechanism ... PA 
(d) Braking and lighting batteries 2,600 2,600 2,600 
(e) Motor with compressor Қ? | 800 800 
(f) Oil pump 22 200 200 = 
| (g) Oil tank ... | 600 600 — 
| Total weight of cable  ... з | 4,000 1,000 1,000 
Trolley-poles е "- ж 1400 | 1,400 | 1,400 
Total .. 25% -— 47,600 | 44600 - 29,850 
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The final weight for the transformers was 6'5 kg. 
[1473 lb.] per kw. ; and, for the motors, 13 kg. (28% Ib.] 
per H.P. of the normal output, and 44 kg. [9:5 lb.] per H.P. 
of the maximum output. The table shows the saving 
which resulted from the construction of the unenclosed 
motors (Fig. 5). 

Like the new alternating-current dynamos and the 
stationary motors, the laminated iron magnets are not 
encased, but are directly exposed to the cooling influence 
of the air, the external surfaces of the motors being increased 
in area by the ribbed design adopted. Surface cooling was 
thus ensured in a convenient way : it was found to be fully 
sufficient even when the motors were running continuously. 
No provision was made for the admission of air into the 
motor, as, on account of the dust below the car, it was not 
possible to take the air from below, and there was no con- 
venient way of supplying it from above. 


2.— T HE MOTORS SPRING-MOUNTED UPON THE AXLE 
OR RIGIDLY SECURED TO THE AXLE. 


Between the two extremes—(a) the body of the car 
mounted without springs directly on the axles, and (b) 
every part being practically mounted оп springs, as in an 
automobile with pneumatic tyres—a large number of 
different combinations is possible. Electric locomotives 
of very small dimensions have been constructed, with the 
upper part in rigid (not spring-mounted) connection with 
the sets of wheels (Fig. 6). Оп the Central London 
(Underground) Railway, notwithstanding that a speed of 
30 km. per hour is attained, the bogies of the locomotives 
are not mounted on springs; hence the severe vibration 
which has caused so many complaints. Other designers 
have adopted different constructions. Some have placed the 
motors directly on the axles (Fig. 7), whilst others have 
fixed them to the spring-mounted body of the car, or to the 
bogie (Fig. 8). Тһе motors carried by the bogie have the 
same range of movement (due to the deflection of the 
spring) relatively to the wheel axles as the frame itself 
has, ie, up to a maximum of бо mm. |273 in.] in one 
direction. Figs. 6, 7, and 8 show these three fundamentally 


different constructions for a set of wheels of.1,060. mm. 
Vor. 31, 8 
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[3ft. 3in.] in diameter. The principal dimensions inscribed 
[in mm.] on the figures give an idea of the space available, 
and also show how much valuable space in Figs. 7 and 8 
is absorbed by the bearings of the motor. 
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The simplest construction is, of course, the rigid 
mounting of the axle on the bogie (Fig. 6). In this case 
the axle and motor have no motion relatively to the other 
parts of the construction ; but, unfortunately, the.axle-boxes 
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have here to ensure the central position of the revolving 


armature within the fixed stator. 
In the construction shown in Fig. 7, the stator is kept 


Fic. 7. 


Concentric with the rotor by being mounted on the same 
axle, which thus carries the weight of both, and the power 
IS transmitted through the axle to the wheels. The stator 
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must be so connected to the frame that it is prevented 
from rotating. 


In Fig. 8, the motor is shown rigidly connected to the 
bogie, which is spring-mounted on the axle. The indirect 
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use of springs, in supporting the motor (by attaching the 
stator to the frame of the bogie) necessitates the use of a 
hollow shaft surrounding the axle at a suitable distance, 
This construction may be possible when thesprings between 
the frame and the axles are not subject to such deflection as 
they are liable to in the high-speed car, where (һе, play.may 
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amount to 60 mm. or more. In this car there is a peripheral 
speed in the bearings of not less than 18 m. per second 
(3,540 ft. per min.) As no previous records were known 
of the use of white-metal bearings at these extraordinarily 
high speeds, a series of experiments was undertaken in this 
connection, quite independently of the other investigations. 
The material at first used for the hollow shaft was cast steel ; 
but this was subsequently abandoned, and wrought nickel 
steel was substituted, because its surface is capable of 
taking a very high polish. 

From the attempt to relieve the axle of the wheel from 
the very great additional weight of the motor, there resulted 
another difficult problem, namely, the designing of an elastic 
coupling to transmit the power from the hollow shaft to the 
axle and the wheels. The coupling first designed is shown 
in Fig. 9, photographed from an experimental arrangement 
tried in combination with an electro-motor and a dynamo 
used as a brake. This coupling in its essential features re- 
sembles a double crank system ; but at the high speeds 
(about 1,000 revolutions per minute) to be employed, 
the combination of links and rods here indicated did not 
appear to be sufficiently safe. This design was followed 
by numerous others of various kinds, and the advisability 
of mounting the motor directly on the axle was again con- 
sidered. 

The great relative movement between the hollow 
shaft and axle was the chief obstacle to the construction 
of a safe coupling. Attempts were therefore made to find 
means to overcome it. The rigid attachment of the motor 
to the bogie was dispensed with, and the motor was 
supported by springs which were caused to bear against 
either the wheels or the axle. A movement of a few 
millimetres was deemed sufficient, especially in the former 
case, to protect the motor and its windings from shocks, 
such as might be produced by the hammering of the shaft 
on the axle, and to prevent undue strain to theaxle and wheel 
hubs. The annexed sketches (Fig. то) show the springs which 
carry the motor. The springs and rods which transmit the 
torque havebeen omitted in the sketches. The springs shown 
in sketch a, bearing against the rim of the wheel, were 
subjected to a considerable strain by the action of their own 
centrifugal force. Design b was not much better. Design c 
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Fic. 10 (a, |, с, d. е, f). 
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is superior with regard to the action of centrifugal force, 
but the space occupied by the coupling was considerably 
greater than before. Sketch d shows the motor supported 
by springs bearing upon the hub of the wheel, as in design 
с, but in the latter case the support is effected by the cylin- 
drical surfaces of a large number of spiral springs. Sketch f 
finally shows the possibility of transmitting the weight of 
the motor to the axle in a very simple manner by means of 
a spiral spring with an eccentric arrangement of its many 
coils. These couplings, however, did not give promise 
of being sufficiently safe in use. 

In view of the difficulties just described, a further series 
of designs was worked out, having in view a reduction as 


far as possible of the weights of the motors, with the object 
of attaining such a gross weight for the parts not mounted 
on springs as might appear to be admissible. Figs. 11, 
a, b, c, show such designs for the diameter of wheel at first 
adopted (about 1,800 mm.) the speed of the motors being 
correspondingly reduced. The motor was sufficiently acces- 
sible in a and 0, but not so much so in с. In the latter 
case, however, the axle bearing was free. Larger wheels 
would have been more suitable for high speeds, since the 
number of revolutions of the motors, and consequently also 
the relative speed of the bearing surfaces, would have been 
lower ; moreover, the vibrations or shocks caused by rail joints 
would have been reduced. But the part of the car located 
above the wheels could not then have been utilised, and a 
considerable portion of the length would thus have remained 
unused, as is clearly shown in Fig. 12. Similar investiga- 
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tions were therefore made with smaller wheels. Fig. 13 
gives some idea of these investigations. The diameter of 
the wheel is here 1,250 mm., the speed of the motor being 
about 1,000 revolutions. The frame of the motor comes 
just within the standard structure gauge. These sketches 
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show the abandonment of the usual casing, leaving the 
rbbed magnet uncovered. Owing to the weight of 
such motors, the weight of each wheel-set was doubled. 
The number of the motors had to be raised from four to 
sx for each bogie—i.e., twelve motors for the саг; and the 
resultant advantage appeared to be too small when the higher 
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price and the inconvenient arrangement of the cables that 
would have resulted were taken into account. 

One of the chief difficulties in designing the coupling 
and bearings was, as above explained, the considerable 
deflection of the springs when the motor was attached to 
the car or bogie; it has been stated also that arrangements 
for supporting the motor from the axle by means of a 
number of small springs did not appear to afford sufficient 
security, although the motion of a few mm. should be 
sufficient. The motor was no longer connected with the 
frame of the bogie, but it was supported by strong springs 
bearing against the axle box. These springs had to 
deflect but a few mm., as stated before. Owing to the use 
of an adjustable curved block, “a” Fig. 14, this spring 
bends very readily for the first one or two mm., then 
it grows stiffer up to a maximum of 8-10 mm. Fig. 14 
shows the construction of this arrangement. The motor 
is firmly screwed to a frame of sheet-iron with channel- 
iron bars. This frame is supported on both sides of the 
car on plate springs, resembling the usual car springs, 
the buckle being mounted by means of the buckle of the 
axle spring at the axle box. The motor is prevented from 
moving laterally by suitable abutments, which bear against 
the slides b. Means were also provided to prevent rotation 
of the stator in either direction. Certain slight alterations 
which were made during the manufacture will be referred to 
later. With this simplified construction, it was possible to 
make the coupling shown in Fig. 15a. А ring consisting of 
3 parts was mounted at each end of the hollow shaft ; in 
each of these parts double arms were fitted in the form of 
bundles of springs. The ends of these plate springs bear 
against guide pieces fastened to the wheel. This sliding and 
elastic movement allow of a steady and constant motion of 
the hollow shaft relatively to the axle. There was some un- 
certainty at first as to the working of the coupling, and Fig. 
156 shows another design that was made. The coupling, 
Fig. 15a, contains sliding parts, and is therefore subject to 
a frictional resistance. In the form shown in Fig. 156 this 
frictional resistance is diminished to less than one per cent. 
of its former value, or, in other words, it is practically 
obviated. Calculation showed that, with the construction a, 
the coupling allowed a deflection of the motor-suspension 
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when going at full speed, if the slope of the track changed 
by as small an amount as 5 mm. in every 5 m., ог of o'5 
mm. in I'5 m. of track. This degree of sensitiveness should 
be sufficient ; if not, the parts shown in Fig. 15b could be 
introduced. without difficulty. 


The reduction in the deflection of the spring allows 


Fic. 15b. 


the diameter of the hollow shaft to be diminished, and so 
the construction of the bearings is simplified, and their 
lubrication is facilitated. 

Fig. 16 is taken from a photograph of the experimental 
arrangement, built in the Mechanical Experiment Depart- 
ment of the А.Е.С., for the purpose of examining the 
working of bearings at very high peripheral speeds. In 
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imitation of the stress to which the motor bearings would 
be submitted, an upward pull was imparted to them, and 
the pressure was ascertained by means of an interposed 
spring balance. A block of nickel steel, of the material, 
diameter, and shape adopted for the bearings (260 mm. 
diameter), was used for the shaft. This block was mounted 
on an axle roo mm. in diameter, secured in long bearings 
with white-metal brasses. The whole arrangement was 
driven by an electromotor, the power supplied to which 
could be ascertained at any moment. Tests were made 
almost-exclusively with brasses of white-metal and axles of 
nickel steel, but a few experiments were also made with cast 
steel, and with brasses of magnolia metal. As regards the . 
system of lubrication, considerable changes were made in 
the course of the experiments. At first, oil under pressure 
was provided, in order to feed each of the bearings separately 
from one central point. This necessitated a supply of oil 
under pressure through the whole car, with pipe connec- 
tions that were somewhat cumbersome, in order to allow 
. for the turning of the bogies and for the relative movements 
between the axles and the body of car. Lubrication with oil 
under pressure was soon dispensed with, and a rinsing 
system of lubrication (1.6., an adequate supply of oil, without 
pressure) was adopted. For railway purposes, of course, 
the usual ring lubrication could not be used, whilst some 
of the other recognised methods either were not reliable 
enough or caused a frothing of the oil. A smooth disc of 
large diameter mounted concentrically on the axle, raised the 
large quantity of oil required admirably, without producing 
any froth. Experiments were made at speeds varying from 
2 m. (the normal speed) to 25 m. per second, and at 
pressures ranging from 2 to 5 kg. per sq. cm., to ascertain 
the relation between speed, bearing-pressure and tempera- 
ture. Full particulars of these experiments will be 
published at some future date ; meanwhile the three-dimen- 
sion diagrams, given in Fig. 17, indicate sufficiently well 
some of the results obtained. 


3.—STARTING DEVICES. 


In the investigations relating to the main division of the 
car and to the arrangement of the electrical parts to ensure 


FIG. 16. 


Digitized by Google 


45 


oe 


ALLGEMEINE ELEKTRICITATS GESELLSCHAFT. 


1901.] 


Єл соу 


'£j9ur-3]1qA JO səysnq 991 ‘—э9]5-]әҳ2и JO SUM o[x? BUT 
поро} jo JUIN эці 51 “7 
"риооәв Jod вәдәш ш рәввәліхә “Яшлеәд 993 ш зјхе ay) jo рээаѕ [eraydisod 29) 51 ‘2 
"SSULIVDG 991 0} ро JO MOY јо ayer əy} Sure Aq 
sjuaumradxo јизлојир ш uonerieA Jo ојаедео 511] 'поцелловао JO оци) Iy} је Әшлеәд эці jo әлпуеләйшәҙ 29) SI 4 
--: зшелаетр 25991] : ALON 


46 LASCHE: HIGH-SPEED RAILWAY-CAR OF THE (Congress, 


the attainment of the minimum weight, it was mentioned 
that the starting apparatus was mounted in the middle of 
the car so as to allow of the cables being as short as 
possible. The laying of the high-tension cables, and the 
arrangement of the fuses and switches in the primary circuit, 
will be described in the account of the car in Part II. In 
the present section reference is made only to the resistance 
apparatus adapted for regulating the speed, and for starting 
and braking. From the very first, the primary circuit 
of the motors was provided with a switch to reverse the 
direction of running, and to cut out and brake the motors | 
either by a counter current, or by connecting the stator 
windings with a storage battery. 

It was at first intended that liquid resistances should 
be used in starting and regulating the current, the con- 
struction ordinarily used for starting either small or large 
motors being employed. Thus, wrought iron sheets were 
to be inserted in the armature circuit of the motors in such 
a manner that connection would be established by the 
liquid, and the rotor circuit would thus be closed; it 
would then be opened by withdrawing the sheets from the 
liquid. The resistance becomes smaller or larger according 
to the area of the immersed electrode surfaces, and conse- 
quently the slip of the rotor relatively to the theoretical 
number of revolutions also becomes correspondingly smaller 
or greater. In other words, at the commencement, the 
speed of the motor is small and increases as the surface of 
the iron plates immersed 1n the liquid becomes larger. Fig. 
18 shows such a starting device, the disadvantages of which 
are sufficiently well-known. The liquid closes the circuit, 
but introduces a resistance, and thus becomes heated. The 
heating of the water takes place rapidly, because the heat 
imparted to it cannot be conducted away, but remains in 
the liquid, which soon begins to froth and boil. Hence, as 
the name “starting device" indicates, it can only be used 
for starting, and not as a speed regulator. 

For constructive reasons, the electrodes cannot be 
placed sufficiently close together to produce a short circuit 
even when totally submerged, and it is therefore necessary 
to use a metallic short-circuiting device. A further difficulty 
in the case of large motors is that involved in the move- 
ment of heavy electrodes. 


Ес. 19. 


Digitized by Goog le 


M1] ALLGEMEINE ELEKTRICITATS GESELLSCHAFT. 47 


Те A. E. С. have constructed such liquid starting 
devices for large motors up to several hundreds of horse- 
pwer. Other methods of construction were also tried, in 
which the electrode plates were stationary, and the liquid 
pased from a separate reservoir into the electrode receptacle. 
Such an arrangement, using compressed air for raising the 
ііі, was also proposed for use on the express railway 
cr: but the above-mentioned drawbacks necessitated the 
employment, at first, of metallic starting devices. 

The special requirements of the case—namely, the pro- 
vision ofa very small floor-space and of means for permanent 
regulation, the arrangement of contacts and connections 
clearly in view, and the certainty of easy and safe manipula- 
tion from the driver’s platform—created a difficult task for 
the designer, in view of the unusual output of 3,000 H.P. 

to be employed. 

The starting and regulating apparatus had to be pro- 
portioned for this maximum output because, during the 
time of switching, motors have to develop their full power. 
The regulating apparatus must also be calculated for the full 
load. Separate switching cylinders were used for each motor 
and for each rotor circuit; and in order to minimise the 
number of the cylinders corresponding to the four motors, 
two-phase wound rotors were adopted. The result was 
that eight cylinders were used instead of twelve. When 
starting the motors a large number of resistance-coils 
must be switched into the rotor circuit, so that the motor 
gradually receives its full rotor-voltage and the full current. 

The larger the number of steps, the more inconvenient 

are the connections of the cables and the many resistances. 
Fig. 19 shows what an enormous number of cable connec- 
tions must be used for a starting apparatus built for a 
hauling engine of scarcely 100 H.P. With the present 
output of 3,000 H.P., it appeared almost impossible to 
ensure that the necessary connecting cables should be 
accessible. The minimum number of the steps to be used 
is determined by the volume of the rotor current, and by 
its voltage. The difference of potential from one step to 
the next, i.e., from one contact of the switching cylinder to 
the other, must be kept within certain limits, in order to 
avoid sparking at the contacts, even though provision be 
made for the extinction of an arc. di 
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It had been assumed for the purpose of the experiments 
that the speed of the dynamo supplying the current could be 
considerably reduced, so that there would be a proportionate 
reduction in the speed of the car; but this is insufficient, 
because, although it is possible to run at half-speed, a speed 
even of тоо km. per hour 15 too fast for the commencement 
of the tria] runs. It was thus necessary to rely on permanent 
regulation, t.e., on the permanent introduction of resistances. 
Of course, only the resistance coils so switched in are 
subject to heating, and the resistances previously cut-out 
are not used. 

While making these investigations, the task of construct- 
ing starting and regulating appliances for large hauling 
machinery presented itself to the A. E. G. It seemed 
impossible to apply the existing types of small hauling 
machinery, whether of the A. E. G. or of any other maker, 
with a maximum output of about 100 H.P., to plant using 
3,000 H.P. All these hauling engines, with the exception of 
a plant of about 80 H.P., which has been working for the 
past 6 years in the pit Hollertzug, near Herdorf, with an 
economical method of regulation (i.e., without any current 
being converted into heat), are constructed throughout with 
resistance regulating devices, whether they are driven by 
direct current or by three-phase current. 

The problem was finally solved by a liquid-starting 
device on an entirely new principle. Fig. 20 shows an 
experimental arrangement of this device. А three-phase 
motor of 200-400 H.P. is coupled direct to a very heavy 
fly-wheel. In order to bring this up to full speed in 
IS seconds, a torque corresponding to an output of 400 
H.P. must be attained. With the same output, another 
heavier fly-wheel was made to run at full-speed in 13 to 2 
minutes. The former meets the requirements of a hauling 
engine, the latter those of the high-speed car. The high- 
tension switchboard at the back is arranged to allow of 
reversing the fields. A combination of these connections 
with the starting device proper was omitted in the experi- 
mental arrangement. 

The photograph shows in the foreground a small 
centrifugal pump driven by an electromotor, which raises 
the liquid from a reservoir in the basement, and contin- 
ually delivers it into the tank in which the electrodes 
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(iz, the terminal or end plates of the opened rotor cir- 
cuits)are located. The pump operates continuously ; hence 
a constant renewal and mixing of the liquid takes place, 
and the electrodes are thus suspended not in stationary 
but in moving water. By shifting the somewhat primitively 
arranged vertical rod to the right, a valve in the bottom of 
the tank is closed, by which the water would otherwise have 
been continuously discharged. The liquid now begins to 
rise in the tank, and the rotor circuits are closed, so that 
the motor starts, but of course with a considerable resistance 
in circuit. As the liquid rises in the electrode tank, the 
interposed resistance decreases, and the motor runs more 
quickly. Consequently, for a certain load, each level of the 
liquid represents a certain speed of the motor. By means 
of a regulated overflow in the electrode vessel, the level of 
the liquid can easily be adjusted, and consequently the 
motor can be run at any required speed, as for instance in 
the case of a winding engine when an inspection of the 
mine-shaft is taking place, or when men are being conveyed 
in the cage, or, in the case under consideration, when it is 
required to make the high-speed car run at 50 or 60 
kilometres per hour. 
The electrode plates are very wide apart at the lower 
end and are made with prong-like extensions of different 
lengths. The arrangement is such that the longest prong 
of the first plate is situated diagonally opposite the longest 
prong of the other electrode ; thus, at first, not only аге the 
dipping surfaces small, but the distance between them—that 
15 to say, the path of the current through the liquid—is very 
considerable. The immersed surface of the plates can 
therefore, on account of the great distance, be considerably 
larger than might be the case for the passage of the same 
current through a small distance. In consequence of 
this, any overheating of the points or tips such as occurs 
in the old form has become impossible. On the other 
hand, the electrode plates are placed very close to each 
other at the top, and a larger number of plates than 
formerly are used, in order to keep the conducting surface 
for the current very large, thereby reducing to a mini- 
mum the resistance of the liquid to the passage of the 
current, and obviating the use of metallic short-circuit 
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The essential difference between the new starting device 
and those previously used consists in the maintenance of the 
liquid in constant motion—a fact which alone suffices to 
ensure its use. The heated liquid does not remain at the point 
where heat is being generated, but is constantly circulated 
and mixed afresh. It is easy to calculate what amount of 
heat is communicated to the liquid by the resistance at any 
given load or for a given decrease in the normal speed ; 
and the use of water in motion renders it easy to conduct 
away this heat. The cooling surface necessary to effect 
this may be readily calculated ; and in the present construc- 
tion of the high-speed car (Fig. 4) systems of serpentine 
copper tubes of small diameter are provided, through which 
the heated water has to pass after leaving the electrode 
vessel and before it is used afresh. Consequently the new 
liquid starting device enables any suitable large resistance to 
be brought permanently into the circuit, and the motor can 
be run continuously at any slow speed that may be required. 

The starting period of the motor, viz., the period from 
rest up to the time at which the resistance is entirely cut 
out, is determined by the speed at which the liquid flows 
into the vessel. By inserting an adjustable valve in the 
pipe leading from the centrifugal pump, the speed at which 
the liquid is delivered (ahd consequently the starting period) 
can be regulated at will. By this construction it is there- 
fore rendered possible to prevent the driver from reducing 
the time required for starting ; hence the acceleration, 
and therefore the torque, can never prove greater than 
the overloading capacity of the motor permits. On the 
other hand, the driver can, by a corresponding slow or 
incomplete closing of the foot valve, decrease the speed for 
starting and braking to any desired extent. In a similar 
manner the driver can run the car at any desired slow speed 
by keeping the foot valve partly opened. Consequently the 
speed is under perfect control. This new arrangement 
when contrasted with metallic starting devices also shows 
the great advantage of a continuous, as compared with an 
intermittent, switching in or out of the resistance ; it ensures 
that the starting and braking are effected smoothly and not 
by jerks. Any one who has experienced the jerking motion 
of tramway cars can realise how greatly the above arrange- 
ment will be appreciated by the passengers. 
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Owing to the great simplicity of the apparatus it can be 
readily operated from a distance, as the power required is 
excessively small. Consequently, the provision of com- 
pressed air or electricity in the car, as a means of operating 
the regulating mechanism, is rendered unnecessary ; all that 
has to be done is to provide a connecting shaft operated 
by a hand wheel from each driver's platform. 

When using the new system of liquid starting device, 
the metallic arrangement is no longer needed, and the 
several hundred contacts and cables are dispensed with. 
In regard to maintenance, no fear need be entertained, since 
oi course the maintenance of plates not liable to become 
rusty, immersed in a soda solution, cannot be compared 
with that of many and large controller cylinders, contacts, 


contact brushes, cable connections and pieces of resistance 
material. 


4.— BRAKES. 


The system of electrical braking with the aid of the 
motors was also tested by means of the same experimental 
arrangement that had been constructed for testing the starting 
apparatus. 

The car is equipped with a Westinghouse compressed- 
air brake, divided into two parts for each of the two bogies. 
The compressed air cylinders are operated from the front 
driver's platform. The brake pressure is assumed to be very 
high, 170 per cent., because the coefficient of friction between 
the brake block and wheel at the high speed employed 
(above 50 m. per second) is materially different to that at 
the usual lower speeds. In consequence of investigations 
that have been made, an appliance has now been devised 
for decreasing the brake pressure at a slow speed. Not- 
withstanding the fact that to a certain extent the brake 
arangement of one bogie forms the reserve for the other, 
It was not considered admissible to dispense with a second 
brake. This additional braking action was imparted by the 
motors themselves and not by special rail brakes or similar 
less approved apparatus. 

The braking may be effected by means of the motors 
in two different ways. The first method is by resistance 
braking, in which the stator of the motor is excited by 
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continuous current and the rotor gradually short-circuited, 
so that the motor works as a generator on the resistance. 
In the other method the direction of the current into the 
rotating field is changed, causing the field and the rotor to 
tend to rotate in the opposite direction. 

Both methods of braking are used in the high-speed car. 
Aíter the rotor circuit is opened by opening the outlet valve 
of the liquid controller, the field is, by means of a change- 
over switch, first opened, and then switched on to a storage 
battery placed within the car ; or, two of the phases bringing 
current to the motor are interchanged, causing the series 
arrangement of the phases to be changed from 1, 2, 3, to 
I,3, 2. After the switching has been effected in either way, 
the rotor circuit is gradually closed again, 1.е., the inflowing 
liquid makes contact through a very great resistance, 
and the level of the liquid is then raised or lowered 
according to the amount of braking action that may be 
desired. 

Braking by means of reversed stator current alone did not 
appear to be sufficient, because the current was apt to fail 
for some reason or other, as, for instance, by the melting 
of a safety-fuse at the very moment when the brake was 
applied. The use of a reversed current has a further 
disadvantage. In consequence of the electrical construc- 
tion of the motor and the potential of about 430 volts 
selected for the stator, the rotor has an electric pressure 
of about 325 volts on open circuit. After the reversal of 
the field, the tension in the rotor increase$ at full speed 
to almost double this amount, viz, to about 650 volts. 
Although the liquid starting device is intended for this 
voltage and the motor rotor is also fully capable of 
sustaining it—it was tested at 4,000 volts—yet it appeared 
unwise to allow the safety of the braking action to be 
dependent on an unusually high voltage just at the time 
when the brake is brought into action, and when there is a 
possibility of danger. These were the reasons which led to 
the provision of a resistance-braking system, and for this 
purpose there were provided two entirely separate storage 
batteries, corresponding to the two separate air receptacles 
for the Westinghouse brake. It is here assumed that motor 
braking must be made use of at high speeds, and that the 
air brake is only applied at the end of the run. For 
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shunting service, a hand brake is also provided to act on 
the front bogie. 


S.—T ROLLEY-BOWS. 


The current is led to the three wires placed vertically one 
above another, from which it is taken into the car through 
bow-shaped collectors. By this system of taking the current, 
in which a deflection of the trolley wire between the con- 
necting points does not affect the bow, the jumping of the 
latter is more readily avoided than if it made contact from 
below. Notwithstanding this fact, the question of the trolley- 
bows had to be very carefully studied, and although the 
requirements for a speed of 50-60 m. per second could 
onlv be very incompletely complied with, an experimental 
arrangement was nevertheless made. 

Three arms are arranged on the roof at each end of 
the car, one for each of the three phases. The distance 
between the arms is determined by the space required by 
the bows when being turned around their vertical axis. 
These distances are, however, made as small as possible, 
and the arms are located close to the pivots of the bogies, 
so that there may be no material change of the distance to 
the wires in passing around curves. Two sets of bows 

were considered necessary, so that, in the event of one bow 
failing to act, the current would be taken from the other, 
and no sparking would occur. 

Further steps were then taken in the direction of increas- 
ing the number of contact surfaces, and of reducing as far as 
possible the mass of the metal which has to slide along the 
wires. A number of aluminium bows were connected to 
the trolley pole by plate springs of different lengths. The 
object of this elastic arrangement was to ensure a good 
permanent bearing on the wire; but in the event of one 
bow failing to make contact, the others must be sufficient 
to carry the current. In the event of greater deviations of 
the conducting wire taking place, the main spring arrange- 
ment of the whole arm will begin to act. Further particulars 
xe contained in that part of the description which treats 
ai the manner of taking and supplying the current. 
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PART II.—DESCRIPTION OF THE CAR AND ITS 
ELECTRICAL EQUIPMENT. 


6.—THE BODY OF THE CAR. 


The car specially constructed to suit the electrical 
equipment was built by the firm van der Zypen & Charlier, 
of Cologne-Deutz, to accommodate 50 passengers. The 
over-all dimensions of the body of the car (including the 
apparatus compartment and driver’s cabs), are 21 m. [69 
ft] and the distance between the buffer plates 23710 m. 
[723 ít.]. The full width of the car is 2,600 mm. [8 ft. 6 in.]. 
The body of the car is within the standard structure gauge 
throughout its length, but (especially in the middle part with 
its wide air-ports) there is not much margin to spare in this 
respect. The windows of the car are closed, ventilation 
taking place through the side windows of the lofty sky- 
light. On either side, at each end of the car, doors are 
provided to allow of the entrance and exit of the passengers. 

The driving platform is separated from the passengers’ 
compartment by a wide partition extending from the bottom 
to the top of the car and serving as a back support for the 
driver. At the sides of this partition are grated doors which, 
during stoppages at stations, are arranged in such a manner 
that the compartment remains shut off from the passengers, 
without interfering with the free access of the latter to 
the interior of the car. During the run these doors are 
so adjusted that they prevent the passengers both from 
reaching the exit and from disturbing the driver. The car 
is divided into two compartments by that containing the 
apparatus. The passengers can, however, freely pass from 
one compartment to the other, even when the car is in 
motion, as the apparatus compartment is protected in the 
same way as the driver’s platform. Any portion that is 
liable to be touched from the gangway either does not carry 
current or is suitably insulated. 

As will be seen in the chapter devoted to the arrange- 
ment of the cables, there are no parts through which 
current flows either in the passenger-compartments or 
in the driver’s platforms. The trolley-bows on the roof 
of the car are fitted with two insulators connected in 
series, each of which is tested for a potential of 20,000 
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volts. The high tension current passes from the bows to 
the transformers through high-voltage cables which, in spite 
of their having been tested for 20,000 volts, are laid in high- 
tension insulators. Between the so-called apparatus-com- 
partment and the passenger-compartments, and also between 
the latter and the transformers which are suspended below 
them, there are air shafts which form a double-walled 
enclosure. The storage batteries alongside the transformers 
are likewise separated off by double sheet metal walls. 

The body of the car in its present form is not of the 
shape that would be expected for a vehicle running at a high 
speed. The car is slightly curved at the front, and not 
formed with a slope like the prow of a ship. The statements 
concerning the experiments which were made in this respect 
are contradictory, although they prove that a sloping 
arrangement is Of по advantage. One object of the 
experiments about to be made is to clear up this point, 
and to ascertain the variation in the consumption of power 
at different speeds and when the car is exposed to head- or 
side-winds. A suitable screen can be constructed at 


any time. 
"7.--ІГНЕ BOGIES. 


The two bogies, which carry the body of the car, are 
15:3 m. [43 ft. 7 in.] apart. The diameter of the wheels 
was assumed to be 1,250 mm. [4972 in.], which allowed for 
a sufficient turning movement of the bogies below the car, 
without necessitating any alteration in the floor-level at any 
part of the car. | 

Each of the bogies has 3 axles, the two outer axles 
carrying the motors, while the middle axle allows the 
necessary space for the pivot and for the air-cylinders of 
the Westinghouse brake. The distance between the wheels 
measures 2 X 1,909 mm. [12 ft. 6in.]. Fig. 21 shows one of 
the bogies and the arrangements of the motors within it. 
The load for each axle 18 less than the maximum allow- 
able, and amounted toa little over 14 tons. 

No springs bearing against the body of the car are 
provided. The bogies themselves are supported on the 
axles by two sets of springs ; and each axle box carries a 
strong plate spring, to the heads of which are attached 


supporting springs carrying the frame. 
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On these axle-boxes rests the buckle of the axle spring ; 
plate springs are provided to carry the motor. The con- 
nection between this spring and the motor frame is 
established by a curved block, against which the spring 
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bears. By means of these shoes the spring action or its 
degree of elasticity can be varied. For the first few 
millimetres it acts as a very mild spring, then it gradually 
becomes more rigid, and at a deflection of 8-10 mm. it is 
quite stiff. In the almost impossible event of these’strong 
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springs breaking, the motor would be supported by the 
wheel axle with the interposition of a suitable metal packing, 
placed close to the side of the wheel-hub. The conditions 
to be observed in the selection of the material for this pack- 
ing were, that the material should be sufficiently soft to 
protect the axle and hollow shaft, yet of sufficient resistance 
io allow of the car being brought to a standstill before 
serious damage could be done. The motors are firmly 
screwed to a frame formed of rolled plates riveted 
together, and are protected against lateral movement by 
guide blocks, which bear against a corresponding guide 
on the frame of the bogie. The stator is prevented from 
turning round by bars which only allow of a vertical move- 
ment of the motor, Figs. 22 and 23. 

The transmission of the power from the motor to the 
wheels is effected, as already indicated in Part I., by an 
elastic coupling which is entirely independent of the 
bearing. 

8.—THE MOTORS. 


Each of the 4 motors is adapted for a normal output of 
250 H.P., and for a maximum output of 750 H.P. The 
speed of the motor is about 960 revolutions per minute, 
which corresponds to a car-speed of 225 k.m. [140 miles] 
per hour. The tension of 12,000 volts, at which the current 
is supplied from the overhead wire, is reduced in the trans- 
formers to 435 volts. This voltage was adopted so as to 
permit of the motors being constructed with the bifurcated 
winding shown in Fig. s. Although the motor, as above- 
stated, is not subjected to severe mechanical shocks, it was 
nevertheless deemed advisable, to ensure permanent safety 
in working, to have only one single bar in the separate 
grooves instead of a number of wires insulated from each 
other by cotton covering. The insulation of the bars from 
the iron is effected by closed micanite tubing. The rotor- 
winding (at the tension of the regulating apparatus), like the 
stator-winding (transformer low-tension) is also bifurcated 
(Fig. 24). For sake of convenience in the starting apparatus 
and the arrangements of the cable, the rotor was wound 
for only 2 phases and not, as is usual, for 3 phases. 

The stator (Fig. 25) by means of two bearings, carries 
the hollow shaft on which the rotor is built up. One of 
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these bearings, Fig. 26, carries on its upper half the brush 
gear for making contact with the slip rings, and the 
connections for the cables of the rotor circuit which 
lead to the regulating apparatus. The cables of the stator 
circuit are passed through the other bearing. The bottom 
halves of the bearings can be easily removed to allow of the 
removal of the brasses, and to give free access to the brush 
gear. 

In Part I. particulars were given as to the requirements 
to be fulfilled in arranging the journals for the hollow shaft. 
Fig. 25 indicates this construction and shows the method of 
oiling the bearings. The level of the oil is so regulated that 
when the motor is in full work, the disc which has to lift 
the oil dips into it to a depth of 30-40 mm. The material 
used for the bearings is the white metal alloy usually 
employed on the Prussian state railways ; nickel steel was 
adopted for the hollow shaft, both on account of its 
polishing capacity and of its great strength. 

The radial distance between this hollow shaft and the 
` axle is 30 mm. [1°18 in.]. Copper rings are forced into 
the hollow shaft at both ends close to the hub of 
the wheels. The hollow shaft 1s prevented from lateral 
displacement by one of the motor bearings, a guide is used 
against only one of the bearings, so that expansion due 
to heating of the material may not produce binding be- 
tween the axle and the bearing. The spring couplings 
are fixed to the hollow shaft at both ends. 

The object of this coupling (Fig. 27) was to transmit the 
power developed by the motor—750 H.P. maximum at 960 
revolutions—from the hollow shaft to the wheels, at the same 
time allowing the latter a displacement of 10 mm. relatively to 
the coupling arms. Hence the arms had to be elastic, and 
moreover, the head had to be able to slide against the guides 
mounted on the wheel. The construction of the whole 
required a division of the coupling into three parts, cor- 
responding to the three double arms that were adopted. 
The springs are secured in the annular pieces by wedges in 
such a manner that the tension of the wedges is further 
increased by centrifugal force. Furthermore, the plates 
are extended lateraly within the hub, and are thus 
prevented from flying out. The hub-portions are of 
forged steel, of ample cross-section. The power is trans- 
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mitted by means of keys from the hollow shaft to the 
three-part hub of the coupling. 


9.— TRANSFORMERS. 


The three cores of the transformers (Fig. 28) are arranged 
side by side in accordance with the patents of the A. E. G. 
The axes of the cores run longitudinally in the car. The 
current transformation being from 12,000 volts to 435 volts, 
a massive copper spiral is used for the low-voltage winding, 
and the outer, or high-voltage winding, is separated from it 
by а micanite cylinder. А strong current of air passes through 
a longitudinal channel provided in each of the iron cores, and 
also through the space between the square cores and the 
round inner coil. As already mentioned, the air for this 
purpose is received through large air-holes in the roof and 
is delivered through air-ducts to the transformers. A pro- 
tecting angle iron is provided on the roof for the removal 
of rain water, and before the air enters the shaft and the 
channels, it passes several times through wire netting, with 
wide meshes; the air is then conducted over the transformer 
and filtered again before entering the cores. 

In spite of these precautions the air is only brought in 
direct contact with the interior of the cores of the 
transformer, and not with the parts carrying current. The 
cores are supported in the middle of their length to obviate 
any deformation due to the vibrations of the car. The 
transformer is suspended from the body of the car by draw 
bolts, so that the lateral sheets are only used for lining 
purposes, and are not called upon to carry any load. A 
further addition of springs connecting to the body of the 
car did not appear to be necessary, because the present 
arrangement is similar to that adopted for the International 
Sleeping Cars, and should зшћсе to ensure а long life for the 
insulating materials. 


10.—CABLES. 


The current is taken from each of the three-feeding wires 
by two trolley-bows in parallel. The upper part of each of 
these arms carries a number of aluminium rods, attached by 
means of narrow plate springs. The masses of the individual 
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rods must be sufficiently small to ensure that they bear 
constantly against the wire. 

The head of the arm carrying the bow is pressed out of 
aluminium sheet, and is connected to the vertical base by 
rods, the base being mounted on ball bearings 1n the socket 
on the car. The bow is pressed against the wire by springs, 
the tension of which is regulated by means of cams. The 
current is carried by insulated leads from the head of the 
bracket to the foot of the arms that take the current, and 1s 
thence transmitted to the cables affixed to the roof of the 
car. The making or breaking of contact between the bows 
and the wires is effected from the interior of the car, so that 
the bows can be made dead before any person mounts to 
the roof. 

AM high-tension conductors (Fig. 29) were subjected 
to an insulation test of 20,000 volts; but notwithstand- 
ing this, they are placed on high-tension insulators, and 
are thus treated as if they were bare wires. 

Safety fuses are fixed close to each bow; these operate 
as soon as contact is made from any cause between 
any phase and the earthed car, and the car is thus freed 
from current by the melting of the fuse. The wires of both 
collector systems lead from the safety fuses to the high ten- 
son cut-out. This cut-out is not requisite for controlling 
purposes, and serves merely to cut off the pressure at 
the end of the run. The switch may be operated from the 
apparatus compartment, or from either of the driver's 
platforms, so that it serves also as a safety switch in the 
event of the proper switch failing to act as the result of an 
accident. | 

The two branches of the current pass separately from 
this main switch to the transformers for each bogie. Each of 
these circuits and transformers is protected by fuses. The 
low-tension conductors lead from the transformers through 
a switching device to the motors. On account of the play 
to be allowed between the bogie and the car, owing to 
both the lateral oscillation when running round curves and 
the vertical deflection due to the action of the springs, the 
cables had to be suspended from flexible supports; this 
was effected by hanging them from a strong girth or belt. 
The cables leading from the motors back to the starting 
device are secured in a similar way. 
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The switching device above referred to is used to switch 
on and off the current to the motors from the transformers, 
and it also allows of the adjustment for either direction of 
running or for the delivery of currentfor braking. Again,the 
storage battery is connected from this point to the stator 
circuit of the motors when braking the car as an auto- 
mobile, i.e, when braking independently of the overhead 
wire. 


I1.— DRIVING THE CAR. 


The car driver has only to operate one single hand- 
wheel (Fig. 30), in order to carry out all the manipu- 
lations. By means of an indicator he can at any time 
ascertain the position of the apparatus, and by an ampere- 
meter he ascertains the load on the motors; another 
apparatus continually indicates the speed of the car. 

By the handwheel the driver operates a shaft extending 
through the entire length of the car. The switch is operated 
from this shaft by means of a pair of bevel wheels and cams. 
The movement of this cam-gearing to the extent of one 
tooth effects the switching of the controlling cylinder to cur- 
rent for running forwards or backwards, or for braking. The 
intermediate path which the cam or gearing has to traverse 
is used to operate the valve of the liquid starting-device, to 
which reference has been made in Part I. It may be 
repeated that the driver is in a position to regulate the speed 
of the car from rest to the full speed of the motors within 
suitable limits, and that he can also start or stop as quickly 
and as gently as may be desired. The liquid of the 
starting-device is fed continuously by means of a centri- 
fugal pump through a cooling coil system (Fig. 4) through 
which a current of air continuously passes, and is thereby 
constantly mixed and cooled. 

On the left of the driver is the handle for the operation 
of the compressed air-brake and, on his right, there is 
another, a hand wheel, for the hand-brake to be used in 
shunting. It is proposed to employ a number of different 
kinds of measuring apparatus on the trial trips, especially 
with the object of indicating the acceleration of the speed, 
of measuring the air resistance met with in head- and cross- 
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winds, and of measuring and registering the consumption 
of current. 


I2.— THE WORKING TESTS ON THE TRIAL PLATFORM. 


In view of the novelty of the entire construction and of 
almost every single part of the electrical equipment, and 
also of the great responsibility which the constructor had 
undertaken, it was deemed advisable to make the trial with 
the car at rest. The driving-wheels of one bogie were 
supported on rollers mounted on heavy cast-iron plates. 
In view of the maximum peripheral speed of 56 m. per 
second, the rollers were made of cast-steel, and the bearing 
rims were shaped to the profile of a rail-head. Wide plain 
rims were provided laterally to allow of a brake strap being 
applied, which, of course, like the rollers, had to be 
specially designed for the case in question. The latter 
were carried by means of strong axles in plummer-blocks 
provided with white-metal brasses. The speed of the 
rollers is 1,800 revolutions per minute. By this experi- 
mental arrangement, it was possible to run the motors 
of each single bogie up to full speed. The momentum 
required for testing the brake action of the motors and 
batteries was unfortunately wanting; and the small 
momentum of the motors and wheel sets could not fur- 
nish sufficient proof of efficiency; but, on the other hand, 
the results of the brake-action described in Section 4 Were so 
highly satisfactory that there seemed to be no grounds for 
supposing that the system would prove to be otherwise than 


satisfactory. 


The above statements give an outline of the method 
by which the designer solved the problem; and it may 
be added that the practical experiments on the trial platform 
gave very favourable results. 

The great interest which experts throughout the world 
take in the development of the express railway has 
led to the publication of the above particulars. The 
question whether the speed aimed at will be fully attained 

in part on the car itself and in part on the 
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required in order to gain sufficient experience on this point, 
and also in regard to the consumption of power under 
varying conditions of work; and this brings us in the 
presence of a second problem to be solved. 

There is already sufficient experience available as to 
many of the requirements and conditions of electrical 
traction as applied to long-distance working ; and many 
a task, independently of whether low or higher speeds are 
concerned, can now be carried out without any difficulty. 


The PRESIDENT : The subject dealt with by Herr Lasche is one of 
intense interest at the present moment. It is a subject which is 
occupying the minds of a great many eminent men, and it is a subject 
also which cannot have escaped the attention of our great railway 
companies. We are favoured this morning with the presence of Sir 
Wm. Preece, whose name has been associated very much of late with 
the introduction of electricity on railways, and I would like to ask him 
to be good enough to open the discussion on Herr Lasche's paper. 

Sir WM. PREECE : I think that the electrical world of both hemi- 
spheres will feel deeply indebted to Mr. Rathenau and the Allgemeine 
Elektricitáts Gesellschaft for allowing Mr. Lasche to bring before us 
to-day such an admirable account of the experiments that are about to 
be conducted between Berlin and Zossen. I think we must all admire 
the candour, the openness, and the magnanimity with which the facts 
elicited by experiment have been brought before us. There is a very 
remarkable contrast shown in this paper between the ways of Germany 
and the ways of England. Here we find a magnificent experiment 
started and carried out at the instigation and under the eyes of the 
Emperor—a man whose far-seeing genius seems to be ever reading and 
ever studying and ever insisting on his countrymen doing all they can 
to place Germany at the head of the commercial nations. 

Now a good deal of money has been expended in carrying out these 
experiments, and a good deal more money has been spent in this 
country in opposing experiments. We have been trying for some 
years past to induce the commercial and financial community of this 
country to find the money to establish a high-speed railway between 
Liverpool and Manchester, and, twice, Committees of the House of 
Parliament have affirmed the principle, that it is good and sound, and 
now, at last, we have power to carry out the experiment ; but we are 
awaiting a German Emperor to find us the money. 

There are a scientific way and a commercial way about our 
German friends that are sadly wanting with us. If I were to repeat 
here the rubbish that was given in the Committee-rooms of the 
House of Commons on this very question you would blush for 
your profession. I must confess that there is much satisfaction in 
finding that our German friends, who are the originators of the 
system, have adopted the three-phase system for high-speed work- 
ing. I have myself long since come to the conclusion that it 
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is the only practical mode of supplying electrical traction to long 
railways. We in this country have not applied the tri-phase system so 
much as they have on the continent of Europe and in America. Butthe 
tri-phase system has advantages that commend it to the common sense 
of every engineer. In the first place, the tri-phase system, as carried 
out by the A. E. G. in these experiments, is a system that is more 
conünuous in its action than a continuous current. Now that sounds 
rather anomalous, but the term “tri-phase” and the term “alternating 
current” are applied to electro-motive force and to the current. They 
are not applied to the energy. The energy is always positive, and if you 
take a tri-phase system and plot out an energy curve you will find that 
the energy curve is a sine curve without any amplitude. On the other 
hand, the positive energy curve of a tri-phase system is a straight line 
and a continuous system. So the torque of a tri-phase system is 
more continuous than that of a continuous current. We all know a 
continuous current to be pulsating, and every telephone man in this 
country knows that a tramway system such as they have in Glasgow 
or anywhere, if it disturbs the telephone disturbs it with a hum—the 
sound commencing with a low wail like that of a buffalo and ending 
in the scream of an agonised pig. 

The tri-phase system has another great merit. It sweeps away your 

rotating machinery, in sub-stations. It sweeps away many parts that 
add weight to the machinery, and the result is that if you take the whole 
system of a railway company you will find that by using the tri-phase 
system you save at least 30 per cent. of the weight of your machinery, 
and I think a good deal more. In the next place, you are able to use 
high pressure, and by using 3,000 volts (they are trying 10,000 volts in 
Berlin) it enables you to fit up your line with one-sixth of the weight of 
copper ; and, in addition to that, you are able to use or require for your 
sub-station purposes only one-fourth of the cost in buildings. So that 
when you take a line, and compare the cost of fitting up that line with 
the tri-phase ѕуѕќер and with continuous current,:you will find that 
you are with the former saving 40 per cent. at least of your capital 
expenditure. 

Now Mr. Lasche has shown by his paper the practicability of this 
tri-phase system. He has shown how the comfort of passengers can 
be effected by the spring-bearing plans that we have seen before us. 

I have just returned from Italy, where I have had the pleasure of 
seeing some trials on the Valtellina Railway carried out by Messrs. 
Ganz and Co. on this system. There they have not applied the same 
system as we have seen here to-day in transmitting power to the driving- 
wheel. This system we have seen here to-day is for high-speed 
working, whilst that used on the Italian line is for low-speed working. 
The energy is transmitted without any difficulty from a moving hollow 
ахје by a link motion to the driving-wheels. The motion of the car is 
verv smooth. It is one of the first and distinctive features of the 
system. The transition from the rattling, jerking, bustling, steam- 
rolled car to the soft, gentle electric car, although moving at a very good 
speed, is very marked. This spring bearing is undoubtedly a very good 
step in advance ; like everything we have heard to-day. I think the 
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whole of us will watch with the greatest eagerness the progress made 
by our friends at Berlin, and as things of this kind are only anticipations 
of other favours to come, we sincerely hope that Mr. Rathenau will 
allow somebody to bring the subject before us after they have made 
some further trials. In the meantime I would beg distinctly to express 


- the thanks of the whole electrical world to the “A. E. G” I think this 


paper is a paper based on broad principles. It ought to be above 
carping criticism, and I think, in carrying out the discussion, we should 
try as much as we possibly can to gloss over details, whatever we may 
think about them, and speak only on broad principles and the way in 
which those principles are being brought out by our German friends. 

Director E. RATHENAU (Berlin): I am somewhat at a loss to reply 
to the flattering expressions with which Sir William Preece had the 
kindness to honour my Company, but need hardly say that every 
person belonging to this organisation, proud of the testimony from 
such a prominent judge, would be happy if I thank him in his name. 

The principle of laying before scientific and competent men the 
results of our studies, which we had occasion to demonstrate practically 
when you, gentlemen, visited our factories and electric works last 
summer, we shall not lose sight of in case the problem, of which Mr. 
Lasche has given you a brief account, turns out a success. It does not 
appear a wise policy to keep the results of our experiments on the line 
between Berlin and Zossen as the exclusive right and property of a 
few individual firms, but to communicate as much as possible to the 
engineering world in order to strengthen it for the serious struggle which 
is likely to arise from the competition between electricity and steam, 
and which must unite the forces, skill, and ingenuity of every engineer, 
if the introduction of electricity into railway service is not to remain 
solely a problem for many years to come. There is no doubt that the 
electrical industry has the greatest interest in the solution of this 
question, not because it would fill their large workshops with labour 
for a very long period—perhaps the whole m because 
electric locomotion will satisfy the demands of the Dublic and railway 
companies far better than steam. 

I am very well aware of the fact that competent railway engineers 
oppose, not without good reasons, this new mode of locomotion, but 
we must remember the difficulties which electricity had in fighting 
against gas; but as the millions of pounds now invested in electric 
lighting do not injure the interests of the gas companies and their 
shareholders, electromotion will act as a new lever in the development 
of railway traffic. 

Sir William Preece made allusion to His Majesty our illustrious 
Emperor, the great patron of engineering work, who devotes his 
interest also to the progress of electricity. There is no doubt that the 
great work we have undertaken could not have been accomplished 
without the assistance of his Government, but nevertheless, I am con- 
vinced that your country, the birthplace of steam locomotion, will 
inaugurate electromotion in Europe, as, in Germany, railway lines 
are more or less a Government monopoly, and, for the introduction 
of electricity, competition is absolutely necessary, until this mode of 
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traction has proved its superiority to steam іп regard to economy 
also. 


Sir W. Preece mentioned the Liverpool-Manchester line, which it - 


has been intended to electrify for some time past: may'I be allowed to 
savthat my Company would be only too anxious to demonstrate the 
results of their experiments there, in case of such centres as tbese 
being obtainable. 

Professor S. P. THoMPsoN: I think we may indeed congratulate 
ourselves that at this meeting of our Institution as a section of the 
Enginecring Congress of Glasgow we have had produced such an 
сросћ-та пр paper as this which Mr. Lasche has been good enough 
to prepare for us, and I would add my voice to that of Sir William 
Preece in expressing our great indebtedness to the “А. E. G.” firm for 
having shown us so fully what they are at work upon, and how they 
have gone to work in the solving of this very important problem. 

Sir William Preece has emphasised the very important step taken 
in the promotion of costly technical experiments of this kind, and the 
fostering of such experiments in Germany, and he has contrasted it 
with the waste of money on opposing experiments in this country. 
May I frankly, Sir William, be allowed to point out that you may spend 
moncy in right experiments, and in furthering them, and you may also 
spend money in opposing right experiments ; but there is a third thing 
which sometimes happens, and which two years ago, when I had the 
honour of occupying this chair, I found it my duty to criticise, and that 
was the spending of money on trying the wrong experiment. For I 
then had to point out that the Directors of the Metropolitan District Com- 
pany had appointed certain eminent engineers, and given them large 
funds to try an experiment near Earl's Court, and that the only experi- 
ment that was being tried there was an utterly unnecessary one; 
because we all knew that cars and trains could be moved by con- 
tinuous-current motors taking current from a third rail, or from the 
lines, or from an overhead wire; and what was needed—the one 
experiment that we did want to see made—was to have three-phase tried 
on a large scale and for moving heavy trains ; and that experiment was 
not tried, though £35,000 were available for the purpose. Now I 
ventured to criticise that, and, as Sir William Preece was one of those 
eminent engineers who were responsible for the wrong experiment 
being tried then, I naturally expected to have some kind of answer 
from him. Sir William Preece always has an answer ready, and he 
gave me privately one day the most complete and perfect answer to 
my criticism. When I repeated to him again my opinion that the 
wrong experiment had been tried, and that we had got no further 
from that expenditure at Earl's Court, “Oh,” he said, “ everybody 
knew we could move a train : the experiment was not to try a technical 
thing—to take us any further on the road as electrical engineers: the 
experiment was necessary to convince the Board of Directors. And it 
has had an admirable success." The experiment which, from a purely 
technical point of view, was a ghastly failure, was an entire and perfect 
success in convincing that Board of Railway Directors. Well, now 
we have had a different kind of experiment, and we have had the 
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results, so far as they have yet gone, placed before us most admirably, 
and in such a way that the whole electrical world will be able to 
understand them and to take advantage of them. So I would re-echo 
what Director Rathenau has said—that it is the right and becoming 
thing for electrical engineers all over the world to put their forces 
together that we may have all possible light thrown upon this problem 
of heavy high-speed traction, that we may have the problem solved in 
as many ways as possible, and as soon as possible, by our combined 
efforts. 

There are several interesting things in the detail of this paper 
which I would willingly ask you to spend a little time in discussing, 
but clearly we shall not have time to go into much detail. Two or 
three things at any rate are perfectly plain, or ought to be. The first 
is that for all this kind of work the day of the commutator is absolutely 
gone by. Any motor which requires a commutator on it, is simply 
useless on a high-speed line. It is an unnecessary and encumbering 
arrangement. If you look at the list of papers that are down for dis- 
cussion by this section of the Congress, you will see that two of the 
most important of them are to deal with that still not altogether solved 
problem—How to get rid of the troubles induced in generators by the 
fact that when you generate a continuous current you still have to deal 
with that awkward commutator. Get rid of the commutator, as you 
must do for high-speed railways, and you will have no need to discuss 
the problems of commutation any longer. They will be ancient 
history. 

The second point that comes very clearly forward is the advantage 
to be gained by introducing continuously varying resistances instead 
of step-by-step resistances by the employment of liquids. We know 
that the “А. E.G.” is not the only firm--that there are other firms, and 
well-known firms, and admirable firms, that have found this out for other 
purposes—that there was a great advantage in using liquid resistances. 
The mere experiment, as it was ten years ago, of the laboratory, a thing 
that was laughed at in the electrical world as being impracticable—a 
liquid resistance for use in an electric circuit—is now an invaluable 
engineering appliance. 

Further, there are some other details about the trucks, about the 
bearings, about the modes of reversing the direction, and change of 
phase in order to produce a breaking action, which would well deserve 
discussion from the technical point of view—I forebear to dwell upon 
them, because we have the much wider question before us. 

May we not congratulate ourselves that a large and influential firm, 
perhaps the largest and most influential of the electrical firms on the 
Continent of Europe, has found it worth while to spend a large sum of 
money and to devote the energies of a large and highly trained 
technical department to the investigation of this practical problem ? 
Here is a very important lesson for us in England. Where is the 
English firm which has got as large an experimental department, 
equipped as fully, on which it spends as much, in which it has 
employed so many very highly trained engineers? Until our manu- 
facturers in England recognise that it is necessary to experiment 


1901. | THE “А. Е.С”: DISCUSSION. 71 


continuously, and to spend money, and to engage the best brains on 
experiments, they may expect to be forestalled by the firms of other 
nations. We must, if we would be in the forefront, continue to spend 
time and money and brains on keeping that place. We have heard 
from Mr. Lasche these numerous ingenious devices to meet point after 
point in the many technical problems that have presented themselves, 
and we recognise how costly such technical experiments must have 
been. We know that there are other firms on the Continent that are 
making similar sacrifices to progress, doing the same kind of thing in 
their own way, and that they are determined that they will not be 


Professor 
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behind the “ A. E. С.” in coming to the solution of similar problems. | 


Where is the English firm which is doing anything of the same kind 
on anything like the same scale? We must not be left behind. The 
President of our Section put before you only yesterday another 
question from a national point of view; but surely this is just as 
important. The technical progress of the electrical industry demands 
something which, though it may look like a sacrifice, will in the long 
run be a great gain to the industry of this country. 

Мг. A. SIEMENS: Perhaps I may take advantage of the presence 
o€ Director Rathenau, and assume once more my function as leader 
of the German trip, and thank Mr. Rathenau personally for all the 
kindness he showed us when we were in Berlin. He it was who 
originated the whole visit. He mentioned it first to our members 
when we were in Switzerland two years ago, and this year's visit is 
the result. Therefore I think we ought to express to him personally 
our great obligation. 

Now, as regards the paper, I think Sir William Preece was perfectly 
right to say that we ought only to discuss the general question and 
leave the details, which have been so admirably brought before us, 
until they have been actually tried. Because you must not forget that 
Mr. Lasche has told us the carriage has only been moved while 
stationary on movable supports, and the real experiment will take 
place in a few months' time, and there will not only be run this car 
which has been described to us, but also another car which has been 
built, and fulfils the same requirement, by the firm of Siemens and 
Halske. Herr W. von Siemens intended to be here, and he could have 
given us some details of their car, but he has been prevented, and I am 
not sufhciently au fait to give you any detail. 

_ Now Professor Thompson has thought fit to flog the poor con- 
tinuous-current motor. Well, I think it was at our International 
Meeting last year in Paris that it was brought out very clearly that 
continuous-current motors are in their proper place where you have 
frequent and great variations of speed, and that for any case where 
there is a long run at the same speed the three-phase currents are 
proper; and it goes without saying that for such high-speed railways 
the three-phase currents are the right thing. 
| The only general statement I do not quite agree with in the paper 
is on the second page. It says, “It must be remembered that money 
was not treated as the main consideration when electric light, and 


electric power were introduced." Well, perhaps not. But we must 
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not forget that you cannot introduce anything which does not save 
money somewhere. If the electric light was not intrinsically cheaper 
than gas-light it had indirect advantages, otherwise it would never 
have been introduced. Апа it is the same here. We shall introduce 
these high-speed cars on the main lines of railways if they are cheaper, 
and if they are not cheaper they will not be introduced. And that is, 
of course, the great problem which is before us. 

Then I differ from the author in so far as he thinks we can run 
these high-speed cars on the present railways. I am afraid if he has 
travelled on one or two of the lines from London to Glasgow on which 
the speed occasionally reaches eighty miles an hour, he will have felt 
the jerks quite badly enough. If you were going at a speed 50 per 
cent. higher I think the jerks would be dangerous. 

But otherwise I certainly think that the paper is extremely in- 
structive, and it is very kind of the “А. E. G." to have brought before us 
all these details. 

Professor C. ZIPERNOWSKY (Budapest): I am not prepared to enter 
into the discussion on this very important subject, but I wish to call 
attention to one point :—Ten years ago, at the Frankfort Exhibition, 
I had the honour of giving a lecture upon the same subject. I showed 
also a carriage which it was intended to run between Budapest and 
Vienna. Ten years have since elapsed, and scarcely anything has been 
done, and I congratulate the “А. E. G.," and especially Mr. Lasche, on his 
having been able to make his excellent report, and with all my heart I 
wish the best success to this enterprise. 

Herr E. KoLBEN (Prague) : I propose to touch on the point that Mr. 
Alexander Siemens has raised as to the disadvantage of three-phase 
motors running at constant speed. We have seen by the explanations of 
Mr. Lasche, that he has been using exclusively resistances for regu- 
lating the speed of the three-phase motors, and it would seem as though 
in this respect the three-phase motor would be at a great disadvantage 
as compared with the continuous-current motor, which, as it is well 
known, is regulated as follows :—If two, or four, motors are on the 
car, they are connected either in series or in parallel, so that the 
speed can be reduced to half or even quarter-speed without any loss 
in resistances. Now I do notthink that we shall remain at the present 
stage regulating the speed of the three-phase motor by resistances only ; 
but, from my experiments and from my experience with cranework 
and hoisting machinery, I find we can reduce the speed by one-half 
(and even, if necessary, without any great complication by three- 
quarters) without any waste in resistance, by simply changing the 
number of poles—by merely changing the connections of the windings 
of the motor. This will be also the direction in which the experiments 
must be made in order to ensure a large measure of success in running 
large locomotives with motors aggregating 3,000 horse-power. 

Mr. GISBERT Kapp (Berlin): The question of high-speed railways 
has been on the tapis in Germany for some time. We have heard іп 
Mr. Lasche's paper about the most recent and most perfect develop- 
ment of the car. Perhaps it will interest you to learn about the first 
car intended to work with three-phase current at 10,000 volts. About 
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18 months ago I had the good fortune to see that car and ride in it. It Mr Kapp. 

was really a locomotive, and was used on a small, very badly laid 

line in the neighbourhood of Berlin. The locomotive was made by 
the firm of Messrs. Siemens and Halske, of Berlin. I had at first 
some doubt as to the safety of working at 10,000 volts, but I can 
assure you that when I got on to that locomotive I had the feeling 
of perfect safety, and in this respect it was the ideal of an electrical ` 
plant We are accustomed to see written up “Do not touch," or “It 
is dangerous to touch the wires." But to ensure safety by placards is 
not the right principle. I would like to have a plant where you could 
put up placards, “ You may touch everything ; it is perfectly safe.” And 
this, in fact, was the case with that locomotive. "The cab of the driver 
was in the middle of the locomotive, and consisted of an iron box with 
glass windows on all sides. All the ironwork and all the handles were 
earthed, and vou could lean against the wall and you could touch any- 
thing without coming to harm. I wanted to point out that fact—the 
fact of the absolute electrical safety to the traveller in such a car, 
although it may be worked at 10,000 volts. Mr. Lasche has not spoken 
about that point, probably because he considered it a thing which was 
well understood. Nevertheless, I think it useful to draw your attention 
to the fact that already in the first car built by Messrs. Siemens and 
Halske the essential conditions of absolute safety from shocks has been 
fulfilled, and the same holds good for their latest car as also for the car 
described by the author. 

An objection to the three-phase motor has been raised by Mr. 

Kolben, namely, that you cannot vary the speed without wasting 
electrical work in resistances. No doubt some waste is unavoidable, 
but this is also the case with continuous-current motors. But this 
waste is of no practical importance either in the one case or in the 
other. If you build a high-speed railway, do you think the driver is 
going to run slowly? He will go at the highest speed he can, and it 
will be a rare exception that he will have to run slowly by putting the 
resistance in action. It is true that by Mr. Lasche's arrangement of a 
Liquid resistance the slow speed may be maintained for any length of 
time, and this is a great advantage, especially for mountain railways. 
Those of you who have scen the Jungfrau railway well know what it 
means to regulate by a solid resistance, and will appreciate the great 
improvement which Mr. Lasche has made. By this admirable device 
you have the possibility of starting up gently and, if need be, working 
the car any length of time at a low speed. But how often will such a 
need occur? We do not build a high-speed railway to run it slowly, 
and for this reason the time when the motor will have to work at a low 
efficiency will be as a rule very short—a few minutes in a run of hours, 
Therefore I do not think this objection to a three-phase motor—that it 
cannot work at a low speed—is an objection of апу technical 
importance. 

Professor Н. S. Сакнавт (Michigan) : It seems to me that the time Professor 
is quickly coming when the electric companies and the public in the ae 
United States are likely to get back with good interest what they have 

"contributed to the subject of electric locomotion. The conditions there 
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are quite different from those prevailing in Europe, because so far the 
great manufacturing companies are kept busy in making machinery 
for ordinary low-speed locomotion. The building of short lines for 
suburban traffic is still incomplete, and we hear therefore nothing, 
except from abroad, about high-speed railways. I assure you that we 
are not at all ignorant of the experiments that are going forward in 


. Germany, and I wish to add, on behalf of the electrical engineers of 
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the United States, our thanks and appreciation of this paper which has 
been brought before us this morning. I may say only this, that while 
we are not engaged, so far as I know, in experiments in high-speed 
transmission, we are not entirely content with present plans. We have 
not yet reached standardisation; that is very certain, because the 
methods applied to electric railways are, in the United States even, in 
a state of flux at the present time. For example, we have a railway 40 
miles long, running from the city where I live to Detroit, which is 
worked with direct-current from two stations. That railway is being 
extended 40 miles in the other direction, making a railway 80 miles 
long, and this extension necessitates the conversion from the direct 
current into a three-phase system with sub-stations and rotary 
converters. But, beyond this, I am personally informed by a friend of 
mine, who is an eminent engineer, that a new system will shortly be 
put into operation on a road in the State of Michigan. I am not at 
liberty to give details about it, on account of questions connected with 
patents, but I may say this—that this engineer proposes to introduce 
10,000 volts directly into the car. And, furthermore, if I remember 
rightly, it is single-phase and not three-phase, though, so far as I can 
now see from the small number of details that I have examined, there 
is no reason why the three-phase should not be equally well used. I 
think I shall not be revealing any secrets when I say that this engineer 
has still another plan for getting round some of the difficulties of change 
of speed of the motor. In other words, I may just say that he proposes 
to keep the motor running at a constant speed while he changes the 
speed of the car when necessary, which is, I think, altogether a new 
problem. 

Professor C. CARUS-WILSON : I have been much struck, on hearing 
this paper read, with the immense amount of attention which has been 
given on scientific lines to working out every detail of this problem of 
high-speed railways, and I was surprised to hear from Herr Rathenau 
that Herr Lasche, who has had the organisation of the whole of this 
work, has not been occupied on it for more than nine months. The 
possibility of introducing high-speed railways into this country is 
attracting a good deal of attention at the present time. The principal 
difficulty is the question of curves. This has not been considered in 
the paper, because the railway upon which Herr Lasche's car is to run 
is practically a straight line. In this country it will be impossible to 
use the existing lines on account of their curvature. We shall have to 
construct special lines for the purpose, which shall be practically curve- 
less. In view of this, great interest naturally attaches to the proposal 
that was brought before Parliament this year in the Mono-rail Bill. The 
essential feature of that proposal was that it claimed to provide а” 
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method by which high speed could be obtained on curves of small 

radius. But the promoters of the Bill, instead of threshing out the 

whole problem experimentally beforehand, as our German friends are 
doing, came to Parliament and asked for powers to construct their 
ralway, while all the technical problems vital to the success of the 
enterprise were yet unsolved. I do not think there is anything to 
commend that method. The lesson which we have to learn, and which 
bas been impressed upon my mind on hearing this paper, is that every 
detail of a new system of this kind should be worked out with the 
greatest care experimentally. Weare much indebted to Herr Lasche 
for showing us what are some of the actual difficulties met with in this 
problem, and we shall follow him with great interest in the experiments 
that he is now about to make. 

Herr О. LascHE (in reply, communicated November 20, 1901): Mr. 
Siemens appears to have misunderstood me. I did not intend to con- 
vey that a quick train service would be possible at a speed of 200 
kilometres per hour on tracks as they are to-day, but only wished to 
state that with single electric motor cars the track and the bridges 
would be subjected to fewer strains than with trains and locomotives, 
and for this reason, without strengthening existing tracks, a con- 
siderably higher speed should be possible with electric cars than 
with steam locomotives, and therefore a quicker car-service could be 
maintained. 

Mr. Kapp is correct in assuming that 1 thought it unnecessary to 
make special mention with regard to the safety of the passengers and 
driver from dangers arising from the high-pressure current. It will 
have been understood from the explanation in the paper of the arrange- 
ment of the apparatus and the method of running the cables in the car, 
that no difficulty has arisen in this respect. 

The effect which curves will have on the running of cars at high 
speeds will be determined at the trials. The Berlin-Zossen line is not, as 
1s apparently believed, quite straight, but has several curves, the smallest 
radius being 2,000 m. (100 chains). Other experience justifies the assump- 
боп that the firm guidance given to the wheels and the long three-axle 
bogie when passing over the curves will render safe and steady running 
possible. 

The PRESIDENT: I am sure all here will agree with and thoroughly 
endorse the remarks of Sir Wm. Preece on the generous manner in 
which the Allgemeine Elektricitáts Gesellschaft have placed before 
the world the results of their experiments on this very important 

question of electric locomotion. At the same time what has been 
done only increases our desire for further information, and we shall 
be glad if Herr Rathenau and Herr Lasche will be good enough 
eventually to supplement the information which they have so gene- 
rously afforded by communicating the results of the practical experi- 
ments as they are carried out. 

Two speakers have expressed opinions as to the desirability of 
manufacturers contributing towards experimental trials on this subject. 
Well, it is to be hoped that such may be the case; but it also appears 
to me that the matter having been so fully brought forward as has been 
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the case of late, that the railway companies themselves, seeing that 
their interest lies so much in that direction, might also take notice of 
the matter with a view to afford facilities for trying these experiments, 
and I venture to hope that what has passed here will come before them 
in that light. 

I may perhaps be allowed to take advantage of this opportunity 
heartily to endorse the remarks of Mr. Alexander Siemens, in express- 
ing the indebtedness of the Institution to Herr Rathenau and the 
Allgemeine Elektricitáts Gesellschaft, as well as to the several other 
companies, for the generous reception accorded and for the very great 
kindness shown to members of the Institution on the occasion of their 
recent visit to Berlin. 

I have now to ask you to express in the usual manner your thanks 
to Herr Lasche and also to Herr Rathenau for this very delightful and 
most interesting paper. 

The vote of thanks was passed by acclamation. 


The PRESIDENT: I will now call upon Professor Andrew Jamieson 
for his paper on— 


DANGERS FROM TROLLEY WIRES AND THEIR 
PREVENTION. 


By Professor ANDREW JAMIESON, M.I.E.E. 


].—RECENT ACCIDENTS AND THE NECESSITY FOR THE 
PROPER PROTECTION OF TROLLEY WIRES FROM 
CONTACT WITH OTHER OVERHEAD CONDUCTORS. 


Scarcely a week or even a day passes, that we do not 
notice in the public and the technical press, an account 
of one or more accidents, arising from the contact of 
overhead conductors with trolley wires. These accidents 
prove, that so long as telephone, telegraph, and electric 
light wires are permitted to cross over electric tramway 
routes, there is a liability to their occurrence ; and further, 
that we still lack a perfect system of guarding trolley 
wires from accidental contact with other conductors. 
There is also the danger arising from the fracture of the 
trolley wire and its contact with persons or animals. 

It will be still fresh in the memory of every one present, 
that about 7 p.m. on the 4th February of this year, a large 
number of telephone wires in Liverpool fell upon a trolley 
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line and resulted іп the electrocution of two men and two 
horses, as well as the electrification and injury of a dozen 
persons. Further, on the 7th of February “a cluster of 
electric light wires in Princes Road, Liverpool, lodged on 
the tramway trolley wire, causing the breakage of the electric 
lamps in the vicinity." “On February oth (in the same 
city) a trolley head fouled a span wire and broke it, so that 
it came into contact with the trolley wire and with the 
ground, thus causing alarm to the passengers and pedes- 
trians, due to the heavy sparking and arcing." 

It is needless for me to multiply these examples. Suffice 
it to sav, that we have had in this city of Glasgow several 
instances of broken telephone and guard wires coming into 
contact with live trolley lines and producing alarming 
scintillations ; although, fortunately, no fatal electrocu- 
tions have, so far, occurred from these causes. Many 
other electric tramway installations, however, both at 


home and abroad, supply sad instances of injury and even 
death. 


II. —METHODS WHICH HAVE BEEN ADOPTED AND PROPOSED 
FOR PROTECTION AGAINST CONTACTS WITH TROLLEY 
WIRES. 


The form of guard adopted at Liverpool, Leeds, etc., 
with the view of preventing contact between the trolley 
wires and other broken or sagging conductors, is illustrated 
by Figs. ra. It consists of strips of wood machined to the 
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Fics. 1a.—Guard System Hitherto Adopted at Liverpool and Leeds, etc 


shape shown by the cross section and supported by brass 
distance pieces or clips which are soldered to the upper 
Surface of the trolley wire at convenient intervals. Although 
one of the cheapest, and perhaps one of the least unsightly 
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forms in use, its inefficiency as a safeguard against 
fallen springy bronze telephone wires, was demonstrated by 
the Liverpool catastrophe. The dotted lines in the cross 
section and longitudinal view of the previous figures serve 
to indicate how the telephone wires curl and make contact 
with the trolley wire; or they may be dragged into con- 
nection therewith by a passing vehicle or car. In fact, to 
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Fics. 15.—Rails, Poles, Trolley and Guard Wires, with Outline of Lamps, Cars 
and their Special Road FENDERS as Adopted at Liverpool. 


prevent the trolley wire current entering any of the fallen 
overhead conductors, the insulation resistance of the 
wooden strips would require to be great under all atmo- 
spheric conditions, the broken wires must clear the trolley 
wire and remain free until repaired. But such assumptions 
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are most unlikely of fulfilment in stormy or snowy weather 
and where there is considerable traffic.: 

Figs. 2 and 3 show the two methods of arranging the 
guard wires which have been tried in Glasgow and many 
other installations. Wherever telephone or other wires 
are suspended above and across the trolley wires, each of 
the latter is guarded by one No. 7 S.W.G. galvanised steel 
wire, carried parallel to and about two feet above the live 
car wires. At first, these guard wires were insulated from 
earth and placed from eight inches to a foot to the left 
and right of the respective trolley wires. Now, however, 
they are earthed at the feeder pole of each halí-mile 
section and placed for the most part vertically above the 
trolley wires which they are intended to protect, as іп. 
Fig. 3. But, as has been proved in actual practice, 
and as is shown by the dotted lines in Figs. 2 and 3, the 
fallen springy telephone wires do make contact, not only 


* Since writing the foregoing part of this paper, I have received from Mr. 
C. R. Bellamy, the General Manager of the Liverpool Corporation Tramways, 
a description and drawings of the latest plan of supporting their “ wooden 
guard strips." His drawings are reproduced in Figs. 16 and Ic, which are 
self-explanatory. The following is an extract from his letter of August 12th, 
190I :— 
*] have now the pleasure of sending you a drawing showing the details and 
method of protecting the trolley wires in Liverpool, by means of guard strips. 
In addition, 1 am sending you samples ; one with a brass spring clip carrying a 
“Т” grooved, wood strip, and the other, which із the latest! and best form, with 
а Чаї сир piece. In dealing with the subject, you will be pleased to know, that 
following the trouble we had in February last, we arranged with the Telephone 
Company to cable the whole of their wires crossing our trolley wires, and to place 
them underground by September, 1902. At this moment a great number of tele- 
pbone wires have been placed underground, and none cross our trolley wires 
except by aerial cables. We have not yet finally arranged the matter with the 


iL Fics. 1c.—Guard System Now being Adopted at Liverpool. 


Postal Authorities, but we are on the verge of a settlement. Аз a result of our 
experience during the past two years, we are strongly of opinion that overhead 
wires crossing trolley wires, must always be a source of danger, whatever may be 
the protective methods. We have therefore determined (as faras possible) to have 
tbem all cleared away." 
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with the guard, but also with the trolley wires. When the 
former were insulated, the current from the latter entered 
the fallen wires, and was therefore not only a great source of 
danger to passing human beings and animals, but has been 
known to set fire to telephone stations, wherein, there were 
either no protecting fuses or inefficient ones. When the 
guard wires are earthed, the short piece of contact-making 
fallen wire, is expected to melt almost instantaneously, and 
the street end thereof to fall harmlessly to the ground. 
This may happen without affecting the fuses or the 
automatic cut-out switches at the tramway sub- or main 
stations. In the case of a large number of overhead 
conductors, simultaneously making contact with the guard 
and the trolley wires, these safety devices are expected to 
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Fics. 2 and 3.—Guard Wires as Adopted at Glasgow and elsewhere. 


act, and thus render the trolley wire of the section, neutral 
and harmless. Telegraph and tramway engineers hold 
somewhat opposite views, in regard to the advantages and 
safety arising from the insulating versus the earthing of 
guard wires, which will be referred to later in the paper. 


III.—BoARD OF TRADE AND POST OFFICE REGULATIONS. 


. In the Board of Trade “Electric Tramway Rules” 
which were issued in March, 1894, there are no regulations 
as to guard wires. In Form No. 2, revised and published 
by the Board of Trade in 1896, we find in Clause 22, the 
following statement, regarding crossing wires :—'* Where 
ап aérial line crosses or is in proximity to any metallic 
substance, precautions shall be taken by the undertakers 
against the possibility of the line coming into contact with 
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the metallic substance, or of the metallic substance coming 
into contact with the line by breakage or otherwise.” 1 

The regulations by the Post Office authorities for tele- 
graph and telephone wires crossing above trolley wires, 
prior to October 19or, have been as follows :— 

(1). * When there is only a single trolley wire or two 
trolley wires not more than 12 inches apart, two guard 
wires should be erected as shown in Figs. 4 and 5. 

(2). When trolley wires are more than twelve inches apart, 
and do not exceed 3 feet, the guard wires should be 
increased to three in number, as shown by Fig. 6. 

(3). When the distance separating the trolley wires ex- 
ceeds 3 feet, each wire should be separately guarded by 
two wires, as shown by Fig. 7.” 
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Ес. 7.—T wo Trolley Wires. Over 3 feet apart. 


FIGS. 4 TO 7.—ILLUSTRATING POST OFFICE REGULATIONS 
FOR GUARD WIRES. 


If these Post Office regulations were faithfully and 
carefully carried out, there can be no doubt that the 
chances of broken telegraph or telephone wires coming 


* Combined recent inspections have been made by the Post Office and the 
Board oí Trade Electrical Engineers, with the view of formulating a joint 
set of rules. I have been promised copies of these before the reading of this 
paper. It is therefore likely that these special rules will be printed here in 
the Proceedings of this Institution. 


Vor. 81. 6 
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into contact with the tramway trolley wires would be 
minimised. But tramway contractors and companies, 
or corporations as well as the general public, may be 
expected to object to the multiplicity of such wires so 
near the roadway, their liability to become inextricably 
mixed up in the case of an accident to one or more of 
them, and also on esthetic grounds. I understand, how- 
ever, that these regulations have been adopted in Bradford 
and other places. 

As far as I am aware, the only place in Glasgow where 
cross-lacing or hammock-netting guard wires have been 
introduced (as proposed by the Post Office) between the 
overhead telegraph or telephone lines and the trolley wires, 
is at Langside Road, where the afore-mentioned protections 
. are considered inadequate. 


IV.—CONTACTS BETWEEN AND THE BREAKING OF GUARD 
AND TROLLEY WIRES. 


The chief and the primary causes of such contacts and 
breakages arise from :— 

(1). The omission to turn the trolley-pole at the end of 
a tramcar line in the proper slanting direction for the return 
journey, or whenever the direction of the propulsion of a 
car: has to be reversed. The neglect of this precaution 
often unships the trolley-pole from the trolley wire, and 
permits the former to foul the guard wire or its cross street 
span wire, thus severing the binding between the latter two 
wires, or breaking either or both of them. 

(2). Unshipment of the trolley pulley at street corners 
where the ears are too short, or the frogs and the cast 
bronze ( Y ) or (4) brackets at crossings, are badly adjusted. 

(3). Disconnection between the trolley wire from 
hangers, splicing ears, or sectional insulators due to their 
imperfect soldering and clipping. The breaking of the 
trolley wire at the pinching pins of bracket crossings, or 
at section insulators and ears, due to overheating when 
soldering. 


! The author has to thank Sr Gavey, Assistant Engineer-in-Chief of the 
Postal Telegraphs, and Mr. W. A. Valentine, Glasgow District Manager of 
The National Telephone Company, for the specimens of telegrapb and 
telephone wires and cables submitted to the meeting. 
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(4). Fusing of the trolley wire due to intermittent con- 
tact and areing between it and a disconnected guard or 
span wire. 

Since the guard wires are generally made of but one 
No. 7 S.W.G. galvanised steel wire (of “18” diameter, having 
a breaking stress of less than 2,000 lbs.), whereas, the cross- 
street spans for the guard wires are composed of seven- 
strand galvanised steel wires (each wire of which is No. 14 
S.W.G. of :08" diameter, with a combined breaking 
stress of over 3,500 lbs. for the complete strand), the 
chances are, that either the guard wire or its weak 
binding to the span wire is broken. Then, the guard wire 

falis into contact with the trolley wire. If the former be 
insulated and originally fixed about 2 feet above and some 
8 inches to 1 foot to the right or left of the trolley wire, 
it has the chance of falling clear of the same. The 
current may then be switched off at the nearest street pillar- 
box from the half-mile section in which the mishap took 
place, and the guard wire refixed without causing any 
damage. lf, however, the guard wire should be earthed, 
either at the centre, or the ends of its half-mile section, 
or preferably at several pole-points along the same, and 
Y it be originally supported vertically above its trolley 
wire, then it naturally falls upon the latter, and the current 
therefrom enters the former and causes delay and trouble.? 

When the guard wire is only earthed at each end of a 
half-mile section, and contact takes place between it and the 
trolley wire (say about the centre of this section), then the 
joint resistance of the contact and the two quarter-mile 
lengths of guard wire may be so great, that the current 
passing through the contact does not increase the normal 
trolley wire current, by an amount sufficient to blow 
the nearest station fuses (if there are any), or to free the 
automatic cut-out. 


* See Appendix, Table L, for sizes and-tests of these wires. The tables 
wcre kindly supplied to the author through Mr. John Young, the General 
Manager oí the Glasgow Corporation Tramways. The author has also to 
thank Mr. Young and Mr. Clark, the Chief Engineer of the Glasgow Tram- 
ways, for the numerous specimens of trolley, guard, span, and pull-off wires, 
as well as ears, insulators, and other overhead fittings, which are now placed 
before the members. f 

2 The guard wires are bound firmly to the cross street span wires, and 
these are connected to the cast-iron pillars (or house brackets) ; the latter should 
be bonded to the tramway rails in order to ensure a good “Earth” or 
“ Return Circuit.” 
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I am of the opinion, that guard wires and their bindings 
should be made of mild silicon bronze, instead of the usual 
galvanised steel. These would be stronger for the same size, 
and would not only have greater conductivity, but they 
would withstand the rapid, corrosive effect, which grimy 
chemical-laden atmospheres have upon galvanised steel wires. 

It is seldom that the trolley wires break from over- 
tension arising from mal-erection, or even from fouling the 
trolley poles. They are usually composed of the very best 
hard-drawn 98 per cent. conductivity copper, having a 
diameter of *37", which is equivalent to No. 3/0 S.W.G. ог 
fully oo B. and S. gauge. The initial stress which this wire 
will withstand before beginning to stretch is over 54,000 lbs., 
or 24 tons per square inch of the full section. But, when 
subjected to a continuous steady pull, the very small elonga- 
tion of 4 per cent. is accompanied by a gradual diminution 
of the original cross area of fully до per cent.: In any 
case, there is comparatively little chance of the trolley wire 
being broken by an accidental stress, except where it 
becomes rapidly worn at sharp street curves. Special 
watchfulness is therefore necessary at such curves, in order 
that the copper wires may be renewed before they become 
unduly reduced in size. 


V.—FREEING, EARTHING, AND OTHER SAFETY DEVICES. 


Even assuming that the trolley and guard wires are 
made of the best materials and have been erected in the 
most substantial manner ; further, that the former is divided 
into separate half-mile sections, of which as few as may be 
practicable are supplied with current from the power-house 
or sub-station by any single “ feeder" ; it is, nevertheless 
necessary, to be able to render any section inoperative or 
“dead” as soon as possible after any one or other of the 
previously mentioned faults occur therein. Many devices 
have been proposed and adopted with this object in view, 
of which the following may be mentioned :— 

(1). Fuses and automatic cut-out switches at the supply 
stations. But, as we have already stated, these do not 
always act unless an abnormal current is demanded by a 
‘ ‘short circuit” to “earth,” or to the “return ” conductor. 


! See Appendix, Table I. 
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(2) Fuses or automatic? cut-out switches, or simply 
hand-switches, in each of the half-mile street pillar switch- 
boxes. There should also be a telephone, or a con- 
nection for one, in each of these boxes, in order to be 
able to communicate direct to the current supply stations 
and the engineer's office. It is unusual to place either 
fuses or even automatic switches in these pillar boxes, for 
most tramway engineers object to multiplying such devices. 
They therefore simply insert therein, a main feeder hand- 
switch and a trolley wire section hand-switch for each car 
line, plus a telephone wire connection. Moreover, keys for 
opening these boxes are (as a rule) only given to the 
engineering staff, and consequently neither the car driver, 
nor the conductor, nor the car inspectors can operate these 
switches in case of an accident to any particular section. 
All that they can do under the circumstances, is to use their 
insulating gloves and pliers, or earth a fallen wire to the 
rails and communicate with the head office from the nearest 
special telephone pillar. This roundabout proceeding causes 
an unnecessary waste of time and blocking of the traffic, as 
well as a possible cause of danger to passengers. Why not 
supply these employés with keys, and give each of them 
Clear printed instructions how to act under certain circum- 
stances ? 

(3). Blackwell and Co.'s * Earthing Device” is attached 
to either a bracket arm or a trolley wire suspension, and it 
acts when the trolley wire breaks, by mechanically short- 
circuiting it to the rails.2 

(4). Placing an earthing switch in each car. In the case 
of the severance or disconnection of a trolley wire, or a 
serious downfall of overhead conductors, all that the driver 
or the guard has to do, is to break the glass front of a special 
box and turn a switch or insert a plug into a metal hole, 
thus immediately earthing the trolley wire to the tramway 
rails through the trolley pole and car wheels. This operation 

! See The Light Railway and Tramway Fournal of July 5th, 1901, pp. 
32, 33 and 42, for descriptions and illustrations of Quin’s safety switch ; also 
The Railway and Tramway World of July 11th, 1901, for Mr. Manville’s 

on this subject. A specimen of Quin's safety switch together with 
drawings were placed before the members. These switches and drawings 
were sent by the British Insulated Wire Company, Ltd., who are the sole 
ci illustrations and descriptions see the periodicals referred to in the 


previous foot-note. Specimens of Blackwell and Co.’s “ Earthing Devices ”’ 
were placed before the members. 
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instantly causes an abnormal current to flow in the feeder 
to the section in which the car happens to be at the time, 
and consequently blows its safety fuse or frees its automatic 
switch at the station. This device, which is being tried 
in Leeds, seems to me to be one of the simplest and 
most direct methods of rendering a section neutral in the 
case of an emergency. The attendant at the station should 
be authorised to close the freed automatic circuit-breaker, 
three successive times; when, should it persistently and 
immediately fly out again, he must attend to the telephone 
for instructions before again closing the switch. 

(5). Roofs to upper deck cars (like those at Cape Town, 
South Africa) to prevent sagging or broken trolley and guard 
wires coming into contact with their passengers. 


VI.—AERIAL TELEPHONE AND (TELEGRAPH CABLES 
VERSUS UNDERGROUND WIRES OR CABLES. 


In Glasgow there are now three authorities dealing with 
these important matters, viz :— 

(1). The Government Postal Engineering Department, 
who have placed their principal telegraph and telephone 
city wires underground, but who have still a large number 
of zerial wires. 

(2). The National Telephone Company, who have hitherto 
carried their fine bronze wires overhead, and who, being 
prevented from opening the streets, are now running aerial 
telephone cables. These consist of about 100 рарег- 
insulated wires, twisted together and then insulated as a 
whole with canvas and vulcanised india-rubber, protected 
by waterproof matting and strong woven tape. These cables 
are suspended by hooks hung from strong stranded steel 
span wires, attached to brackets,fixed to the walls or the 
roofs of buildings. Two conductors are used for each 
closed telephone circuit to avoid induction, etc. Such 
cables and their suspension spans are not likely to interfere 
with tramway trolley wires; and even if they did come 
down in the case of a fire, they are so large, well insulated 
and strong, that they could be more readily dealt with, 
than a similar number of bare bronze springy wires. 

(3). We have the Corporation of Glasgow, who have 
just started a Telephone Exchange, and who, having full 
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authority in regard to their streets, have very properly 
taken the precaution to place all their city wires and cables 
in underground cast-iron pipes, where they approach the 
tramway lines. 

There cannot be the slightest doubt, that the only 
sure and safe plan, is to place all non-tramway electrical 
conductors of whatever kind underground. If this were 
done, then there would be no necessity for guard wires, 
thereby leaving the trolley wires free from extraneous 
contacts, and minimising the afore-mentioned dangers. 


APPENDIX. 


TABLE I.—TESTS OF TROLLEY, SPAN AND GUARD WIRES 
FOR GLASGOW CORPORATION TRAMWAYS. 


By THE STEEL COMPANY OF SCOTLAND, LIMITED. 
HALLSIDE WORKS, 30th day of August, 1900. 
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TABLE IL—ANALYSIS OF THREE SAMPLES OF COPPER 
ALLOY * FOR “EARS” AND “PULL OFFS.” 


CHEMICAL DEPARTMENT, October sth, 1900. 


| = Guard Doble Trolley Single Pull Off. 
AR pP MC сези шнын: CC ашна MMC CH | 
| Copper 88:54 | 85'84 | 85°84 per cent. | 
| | 
Tin. 779 | 457 | 87535» » | 
Lead с 2 ы 075 ' 2:86 | 072 4. 
Zinc ys 256 ve — 6:24 | 413 , 5 


* These fittings are generally made of “ Admiralty Mixture.” 


TEST III. 
Tensile Test of “ Dirig's" Globe Strain. (Insulation green colour.) 


The first perceptible extension was noticed when the tensile 
stress reached 2:5 fons (5,600 185.), while the composition slightly 
cracked. The specimen broke through bottom eye at the 
maximum stress of 2:9 fons (6,496 lbs.), while the original crack іп 
the composition widened. 


TEST IV. 
Tensile Tests of two Brooklyn Strain Insulators. (Composition red colour.) 


The large one broke through large eye after a stress of 3°3 fons 
(7,392 155.) was reached. The small one broke through large eye 
after a stress of 2°2 tons (4,928 155.) was reached. The composi- 
tion did not show signs of cracking in either case. 


TEST V. 
Tensile Test of Double Pull Off. (Composition green colour.) 


First perceptible extension observed when the tensile stress 
reached ‘o7 tons (156°8 lbs.) Insulated bolt became fast at 
I'I tons (2,464 lbs.) ruptured through one arm at a stress of 
179 tons (4,256 165.). 


Original distance between centres of eye-holes 6 in., extended 
3 inch when bolt became fast. Total extension at rupture, 
2 inches. Composition intact. 
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TEST VI. 
Tensile Test of Single Pull Of. (Composition green colour.) 
The first perceptible extension showed at a stress of ‘og tons 
(2,016 Ibs.). Insulated bolt began to bend at 12 tons (2,688 Ibs.) 
and centre of bolt to centre of eye-hole extended r in. Final 
rupture at 1:9 tons (4,256 155.). 
TEST VII. 
Compression Tesi on Single Pull Off Insulated Bolt. (Red colour.) 
Original diameter 1:18 inches, slightly tapered. 
At 4 tons ( 8,960 lbs.) very slight cracks observable in composition. 


» 6 , (13,440 lbs.) diameter or deflection stood at 1°17 inches. 
» 10 ^, (22,400 lbs.) á " » ГІб5 , 
» II , (24640 Ibs.) » » » 115 , 


» 114 , (25,760 lbs.) badly cracked. 


TEST VIII. 
Compression Test on Single Pull Off Insulated Bolt. (Green colour.) 
Original diameter 1°18 inches, slightly tapered. 


At 4 tons ( 8,960 lbs.) showed very slight cracks. 

» 6 , (13,440 lbs.) diameter or deflection was r'17 inches. 

» 8 ,, (17,920 Ibs.) » » 116 , 
Cracks in composition gradually extended as weight was applied, 
until at 8 tons (17,920 165.) it was badly cracked. 


TEST IX. 


Tensile Test of Ear with Insulated Bolt screwed in. (Green colour.) 


After gradually applying the stress up to 2 tons (4,480 Ibs.) the 
composition came off head of bolt. The ear collapsed on both 
sides of screwed neck when the stress reached 46 tons 


(10,304 lbs.). 

Mr. M. B. FiELp: The subject of the dangers which arise from 
overhead telegraph and telephone wires when erected in the vicinity 
of electric tramways operated on the trolley-wire system is one of 
great importance at the present moment, and this paper will be of 
especial value if it be the cause, in any way whatever, of the removal 
of these unsightly and dangerous telegraph and telephone wires. 

Professor Jamieson talks about the dangers arising from overhead 
trolley wires, and their prevention; to be accurate he should speak 
of the dangers accruing from the overhead telegraph and telephone 
wires, since it is these that break, and by so doing introduce the 
dangers referred to in the paper before us. Now these dangers 
might perfectly well be obviated if the proper regulatidns were for- 
mulated and enforced ; I mean regulations as to the maximum length 


Mr. Field. 


Mr. Field. 
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of span permissible for overhead telegraph and telephone wires, and 
methods of crossing trolley wires. The reason why no such regulations 
exist at the present time is, I think, easy to see; it is because the 
advent of the telegraph and telephone was prior to that of the electric 
tramway. " 

Hitherto it has been the custom of the telegraph and telephone 
authorities to erect their wires overhead with far longer spans than 
can be considered safe from an engineering point of view. The reason 
for this has been partly, no doubt, to save expensive supports attached 
to the roofs of houses, and partly on account of the difficulty experienced 
in obtaining the necessary wayleaves. Moreover, in times past the 
breakage of a wire here or there has not been attended with any very 
great danger, and with the exception of the relatively small incon- 
venience of interrupted communication along that particular line, no 
serious Consequences have been the result of such a breakage. Hence 
it is that what we should call a lack of good engineering on the part of 
these authorities has been tolerated up to the present, and no questions 
asked. As soon, however, as an electric tramway is operated in the 
vicinity of such wires, the possibility of a breakage of the same is 
fraught with very considerable danger to the public. Тһе consequence 
is that the Board of Trade steps in, and instead of striking at the root 
of tie evil, and insisting that the telegraph and telephone wires shall 
be so erected that they shall not be continually breaking, it devises a 
special system of guard wires—in itself a new danger, which under 
certain circumstances is almost as great as the old that it seeks to 
obviate—and forces the tramway authorities to adopt it. 

In other words, the Board of Trade, in attempting to remedy one 
evil introduces a new one, and in so doing throws the whole onus of 
the bad engineering of the telegraph and telephone authorities on the 
shoulders of the tramway undertaking. 

There are places in Glasgow where from six to ten consecutive 
spans of trolley wire run parallel with single spans of telegraph or tele- 
phone wire. Again, telegraph or telephone wires often cross tramway 
routes at such narrow angles, that spans of 300 to 400 feet or even more 
are necessitated between the support on the one side and that on the 
other side of the street. In such cases by crossing sharply at right 
angles, spans of not more than roo or 120 feet would be required. 

I do not propose here to formulate regulations which would ensure 
against the breakage of telegraph and telephone wires in the neighbour- 
hood of trolley wires, but it must be patent to all that at such places 
where these crossings occur it is quite possible to work with spans not 
exceeding the above limits, or to cable the wires and suspend them 
from steel ropes as is being done now by most of the railway authorities 
in this neighbourhood where their telegraph wires cross the tramway 
trolley wires. 

Mons. ERNEST GERARD (Brussels) : It is very difficult to speak about 
this very delicate matter because of the conflict between private interest 
and public safety, and Iam not sufficiently acquainted with the English 
language to speak about matters of policy. Technical matters are 
very much more easy to speak of in a public assembly because we 
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are acquainted with them by lectures, and in this matter Professor M. Gerard. 
Jamieson very cleverly describes all the existing systems and finally 
proposes what he esteems to be the right one. As anengineer I should 

be disposed to agree with his conclusions, but as an official I cannot 

be so decided in my remarks, so far as a theoretical opinion could be 

assumed as the basis of a government rule. There is, of course, no 

system which is absolutely safe ; but I should have liked toask Professor 
Jamieson if among the systems which he has described there is one 

which he condemns absolutely? His opinion in that matter would be 

of great value to me. 

Mr. G. R. BLACKBURN (communicated): Whilst fully agreeing as to M nce 
the necessity for doing away with overhead telephone and telegraph 
wires, it must not be overlooked that in most large cities it is a work of 
time and involves great expense. In the meantime some form of 
guard is absolutely necessary. I entirely concur with the author as 
to the inefficiency, and even danger, of guard-strip in whatever manner 
it may be fastened to the trolley wire. Its inefficiency was recently 
very plainly proved in the case of the Liverpool fatal accident. It has 
been tried in Bradford, and totally abandoned owing primarily to the 
following causes :—(1) Danger from telephone wires curling under- . 
neath trolley wire. (2) Difficulty of securely fixing it. (3) Impossi- 
bility of keeping the insulation resistance good. 

Probably the most efficient safeguard at present is earthed guard 
wire put up in accordance with Post Office Regulations as referred to 
by Professor Jamieson. This arrangement is the one carried out in 
Bradford and other cities, and when efficiently earthed (say at every 
third or fourth pole) has been found to be by far the most satisfactory 
method. Guard-wires to be of any use, however, must, in my opinion, 

be well earthed through a low resistance path, otherwise in the case 
of a wire breaking and falling on the trolley, the resulting current 
would be insufficient to release the station automatic switch. 

With regard to the Post Office proposal to use hammock netting 
guard wire, I can only say that in the event of a trolley leaving the wire 
(a not uncommon occurrence), either the trolley head would be pulled 
off or the netting would be wrecked unless placed at a considerable 
height above the trolley. In any case its use seems undesirable. 

As to the use of silicon bronze for guard wires, I do not see any 
reason why it should not be perfectly satisfactory. It certainly has 
many advantages to commend it. 

The use at the power-station of automatic switches which can be 
regulated to act when an abnormal current passes is quite the usual 
thing, and they can be depended upon to act promptly if the fallen wire 
is well earthed. Hence the importance of earthing guard wires at very 
frequent intervals. Section boxes should be as simple as possible, and 
only contain the lightning arrester, main feeder switches, and a switch 
for each trolley wire section, and perhaps in addition a telephone connec- 
tion. Using a box of this type there can be no possible objection to 
allowing drivers, inspectors, and other officials to carry a box key for 
use in cases of emergency. Inthe case of Bradford, and I believe several 
other places, all drivers, inspectors, motormen, and in fact nearly all 
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employés are provided with a key and have instructions to pull out 
all switches in the box in the event of a breakdown of the overhead 
equipment. There is thus no possibility of confusion as to which switch 
should be pulled out. No trouble has been found to arise in the working 
of this arrangement, and the delay to traffic is very much lessened 
by every man being in possession of a key. 

Each car on the Bradford system has lately been fitted with an 
earthing switch similar to the one described by Prof. Jamieson in his 
paper. On breaking the glass of this switch the trolley wire is automa- 
tically earthed, and an enormous current then flows making it impossible 
to keep in the automatic switch at the power-station. Consequently the 
line is made “dead” and all danger from a fallen wire obviated at once. 
This switch is, in my opinion, the most efficient way of making a line 
* dead," and has, when under trial, proved very satisfactory. 

The next best thing to putting telephone wires underground is to 
run them in an aérial cable as is now so often done. Finally, I entirely 
agree with the author's statement that the only real safeguard is to 
place all telephone, telegraph, and electric light wires underground. 

The PRESIDENT: I should like to ask if there is any one here repre- 
senting the Telephone Company? The suggestions which have been 
thrown out by Professor Jamieson in his paper will, I have no doubt, 
receive the consideration of the Tramway Companies. As the time is 
so short, and we have two other papers to deal with, I will ask Professor 
Jamieson to be good enough to render his reply in writing. 

Professor JAMIESON (in reply) :—I thoroughly agree with the greater 
part of Mr. Field’s remarks, but I do object to the statement at the 
beginning of his second paragraph, wherein he says :-“ Professor 
Jamieson talks about the dangers arising from overhead trolley-wires, 
and their prevention ; to be accurate, he should speak of the dangers 
accruing from the overhead telegraph and telephone-wires, since it is 
these that break and by so doing, introduce the dangers referred to in 
the paper before us." The word overhead, as applied to “ trolley-wires," 
is not used in any part of my paper, since it would be superfluous in the 
present case. Besides which, trolley-wires do sometimes break or become 
disconnected quite independently of any effects from overhead con- 
ductors—as stated in Part IV. of the paper. Moreover, Divisions I., 
II., and III., deal directly and explicitly with dangers accruing from 
the overhead telegraph and telephone-wires. However, I suppose his 
statement just amounts to this, that the short title of the paper did not 
fully convey to city tramway electrical engineers, the fundamental 
causes of the dangers? Yet, I think, that in the third paragraph of his 
remarks, his argument is all in favour of the present title. For, he says, 
* Moreover, in times past, the breakage of a wire here or there has not 
been attended with any very great danger,and....... no serious 
consequences have been the result of such a breakage." 

In support of Mr. Field's further remarks, I herewith introduce 
two figures, from recent photographs, which show by no means the worst 
conditions, as to the number, length of span, or acute angles of aérial 
conductors crossing over tramway routes in Glasgow ! (Figs. A and B.) 

Telegraph and telephone aérial conductors have increased so 
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Telegraph and Telephone Wires, crossing over busy Electric Tramway 
Routes, in Glasgow, November, 1901. 
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gradually, and existed so long in our cities, without causing serious 
mishaps to the public (prior to the sudden introduction of the trolley- 
wires), that the British Government (to whom most of these belong or pay 
royalty), have no doubt felt unwilling to apply such stringent rules as 
they did in the case of “ Overhead Electric Light and Power Wires,” 
and are now doing with Electric Tramway Conductors.' Nevertheless, 
as Mr. Field says in his fourth paragraph, “The Board of Trade, in 
attempting to remedy опе evil, introduce а new one....... ў 

I quite appreciate the difficulty of Monsieur Е. Gerard, when 
speaking about this delicate matter; for, as Engineer-in-Chief to the 
Belgian Ministry, for the railways, posts, and telegraphs, which belong 
to his Government, he has no doubt to be very careful in expressing 
his opinion regarding the precautions which should be adopted at 
Brussels, and other places, where tramway companies are working the 
trolley-wire system. 

Being free to express my own opinion, I most decidedly say, that if his 
Government is to retain their own as well as any private aérial telegraph 
and telephone lines, crossing trolley-wire routes; then, in the interests 
of the former, I absolutely condemn bare metal guard-wires which are 
insulated from earth, at their fastenings. I do so, because, whenever 
a telegraph or telephone-wire breaks and falls across these bare guard- 
wires, and at the same time makes contact with a “live” trolley-wire ; 
then an electric current at the full voltage of the trolley-wire enters the 
telegraph or telephone wire. This current at once “blows” their fuses, 
if there are any. If there are no such fuses, then it spoils the instru- 
ments at the sending or receiving ends, and perhaps at both of these. 
It may even set fire to the houses containing them ; for I understand 
this happened not very long ago at Zurich and elsewhere. Even if 
there are fuses, the instruments may be damaged and an attendant 
receive a shock before these cut-outs have time to operate. Whereas, 
with thoroughly well-earthed guard-wires (i.e. earthed at frequent 
intervals along their lengths), these dangers are minimised, as explained 
near the end of Part II. of my paper.? 


* Scc Munro & Jamieson's, Pocket Book of Electrical Rules and Tables, 
15th Edition, page 568, re " Board of Trade Rules for Overhead Electric 
Light or Power Wires. (1888 Act)" The following are examples :— 

Rule 2: Maximum Intervals betwcen Sufporis.—Every aérial conductor 
shall be attached to supports at intervals not exceeding 200 feet where the 
direction of the conductor is straight, or 150 feet where this direction is 
curved, or where the conductor inakes a horizontal angle at the point of 
support. 

Rule 6: Angle of Crossing Thoroughfarcs.—Where any conductor crosses 
a strect, the angle between such conductor and the direction of the street at 
the place of such crossing shall not be less than 60 degrees, and the spans 
shall be as short as possible. 

Rule 7: Crossing Other Wires.—Where any aérial conductor is erected so 
as to cross any other aérial conductor, or any suspended wire used for 
purposes other than the supply of energy, precautions shall be taken by the 
owners of such crossing conductor against the possibility of that conductor 
coming into contact with the other conductor or wire, or of such other 
conductor or wire coming into contact with such crossing conductor by 
breakage or otherwise. 

^ M. Gerard and others, should see the Electrical Review, of London, 
September 27th, 1901, pp. 502 and 503, for a description with two illustrations 
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For a similar reason, I condemn the “ Wooden Guard Strip.” M. 
Gerard will, however, find it to be to the advantage of his Government 
to get the tramway companies to pay something towards removing all 
aérial conductors, which at present cross over trolley tramway routes. 
These should be replaced by either underground or by strongly 
suspended and insulated overhead cables, as explained in Part VII. 
of my paper. The former is, of course, the more perfect system, but 
at the same time the most expensive plan. Wherever the latter method 
is adopted, the aérial cables should cross tramway routes, as nearly 
as possible, at right angles. The spans should be as short as possible, 
and the aérial cables should be neatly and well hung from very strong 
steel wires. Wherever, either of these plans are adopted and thoroughly 
well carried out, I do not see any necessity for guard-wires of any 
kind, to trolley-wires. Should a fire occur in a building, so as to 
endanger the suspension of any aérial cable, then the current can be 
switched off from the affected section of the tramway system, until the 
danger is passed and the suspension again made reliable. 

I am very glad to see that Mr. Blackburn's daily practical experience 


‘at Bradford, agrees with the descriptions and proposals made іп my 


paper. I am particularly pleased to learn, that * Each car on the 
Bradford system has been fitted with an earthing switch, similar to 
that described in the paper." Further, that * No trouble has been 
found to arise in the working of this arrangement, and the delay to 
traffic is very much minimised by every man being in possession of 
a key for the street section pillar-boxes." 

I am sorry, that the short time at the disposal of the meeting for 
the discussion of my paper, did not permit any representatives from 
the telephone, railway, and telegraph companies, expressing their views. 
But, I hope, that the combined new rules of the General Post Office, 
and the Board of Trade, may be delivered in their final authoritative 
form, before the issue of this discussion, to the members of the Insti- 
tution. I understand that these rules have been submitted to all the 
most important and most interested authorities, and consequently they 
would form a very valuable addition to the paper and the discussion. 

The PRESIDENT : I have now to ask you to return a hearty vote of 
thanks to Professor Jamieson for bringing this matter before us. 

The resolution was carried by acclamation. 


of “ Trolley Wire Protection," devised by Prof. A. E. Salazer, of the Chili 
University. It is reported as having been adopted by the Chilian Electric 
Light and Tramway Company, Ltd., in Santiago de Chili. It consists of 
introducing an electro-magnet along with an additional resistance (which 
can be reduced to 250 ohms) directly into circuit with the Earthing wire, 


‚ which is soldered to the guard-wires ; at presumably, each half-mile section 


street pillar-box. When a sufficient current passes through one of these 
electro-magnets, its core attracts the armature catch of the section-feeder 
interrupter, and frees the section, wherein contact has been made (by a fallen 
telephone or telegraph-wire) between the trolley-wire and the guard-wire ! 
This is, after all, but another “Quin device," and I should like to have an 
unbiassed and detailed report ot the results, after at least one year of con- 
tinuous use, in a damp, variable, dusty climate. 
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ELECTRICITY SUPPLY METERS OF THE 
ELECTROLYTIC TYPE. 


By J. R. Dick, B.Sc., M.LE.E. 


In the evolution of the best supply meter, the type! that 
survives will be the one that combines cheapness with the 
greatest permanent accuracy. In attempting to solve the 
problem, much attention has naturally been paid to 
electrolytic meters. on account of their inherent simplicity. 

In all cases of electrolytic decomposition, the amount 
of electrolyte decomposed per second is directly propor- 
tional to the current. Meters constructed on this principle 
will, therefore, record (in the absence. of polarisation or 
secondary actions) ampere-hours perfectly. Unlike motor 
meters, they require no compensation for frictional errors, 
and no special brakes to correspond with the law of the 
driving torque. In fact, the meter has a natural straight 
line law of registration. 

In spite of these initial advantages, electrolytic meters 
generally have not obtained, from the station engineer's 
point of view, a lasting popularity. They have earned a 
bad reputation for various reasons, chiefly because they are 
“ messy," and require attention for the renewal of electrodes 
or electrolyte, and because of the great drop of pressure 
with the unshunted varieties. 

In Mr. Gibbings’ paper in 1898, the unshunted types 
were discussed at considerable length; this paper will, 
therefore, be devoted to those which are shunted, with 
special consideration to those which. depend on the 
measurement of the quantity of mercury deposited from 
a solution of a mercurous salt. 

Before passing on to the latter, a reference to the water- 
decomposing meter as an instance of the extreme simplicity 
of the former type may prove of interest. 

A multitude of patents have been taken out in this 
country and elsewhere on various forms based on this 
principle, but the simplest of the many alternatives was 
that originally suggested by S. D. Mott in the Electrical 
World of New York, of March 4th, 1893. In that article, 
Mr. Mott describes the meter as * measuring the amount of 
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water remaining after a certain amount of it has been 
decomposed,” in other words, the residue of an electrolyte 
after subjection to electrolysis. Little attention appears to 
have been directed to this meter until the reading of Mr. 
Gibbings’ paper, when it was revived in a practical form. 
The author believes this is the only unshunted electrolytic 
meter which has come into general use. However useful it 
may be for very small currents, it presents serious difficulties 
when large currents have to be dealt with. In such cases, 


the drop in pressure must either be increased to an im- 
practicable extent, or the meter must be shunted. 

In employing a shunt to an electrolytic cell which has a 
back E.M.F., some compensating E.M.F. has to be inserted 
in the cell circuit in order to obtain a constant linear ratio 
between the main and the shunt currents. Several ways of 
effecting this compensation have been recently proposed by 
Mr. Arthur Wright. The most practicable appears to be 
that of placing a shunt across the supply mains (Fig. 1), 
and interpolating such a fraction of this in the cell circuit 
as will give a pressure exactly equal to the back E.M.F. 
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À direct proportionality will then exist between the main 
and shunt currents. 

For example, in Fig. r, if the back E.M.F. of the volta- 
meter is 1'5 volts, the ratio of r to R must be the same as 
r5 to V—the supply pressure. The potential difference 
across r is then equivalent to a cell inserted in the shunt 
circuit, having a constant E.M.F. in the positive direction 
of the same amount as the counter E.M.F. of the volta- 
meter. Itis obvious that no current will pass through the 
voltameter when there is no current in the main circuit, as 
then the two E.M.F.’s in the shunt circuit exactly counter- 
balance each other. 


The shunt circuit constantly running with this arrange- 
ment detracts from the simplicity of the electrolytic method 
of registration, and increases the total loss of energy in the 
meter. To avoid this loss, and the complication of a 
compensated shunt circuit, it is infinitely preferable to 
utilise, if possible, an electrolytic cell where no back E.M.F. 
exists. 

The Edison meter, in which were employed two amal- 
gamated plates of pure zinc in zinc sulphate, aimed at this 
ideal. Theoretically there should have been no counier 
E.M.F., but in practice it was found that this was as high as 
0085 volt. The curve in Fig. 2 shows the values of the 
counter E.M.F. at various currents. 

The error thus produced was negligible at currents of 10 
to 20 amperes, but with currents of the order of one 
ampere it amounted to about 8:5 per cent. as the total drop 


in the meter was only о'о1 volt at this low load. 
Vor. 81 7 
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It would be too much to say that the use of Edison's 
chemical meter was discontinued because of its inaccuracy, 
as its average registration was fairly satisfactory. More 
probably it was on account of the troubles consequent on 
changing and weighing the plates, and conveying them to 
and from the consumer's premises. With the march of 
progress, engineers demanded a direct-reading instrument 
requiring no attention.  Grassot's shunted electrolytic meter 
suffered from the same defect as Edison’s, i.e., under-regis- 
tration at low loads. The correct registration of small 
currents has assumed a still greater importance since supply 
pressures of 230 and 250 volts came into general use, and a 
meter, to be successful, must be thoroughly suitable for these 
conditions. 

The necessary characteristic of having alow back E.M.F. 
is common to all meters in which the amount of mercury 
liberated from a solution is used to measure the quantity of 
electricity passed through it. The highest accuracy can, 
therefore, be guaranteed even with very low currents. 
A variety of forms of such meters have been designed, 
but most of them suffer from various defects, and have not 
been generally employed. 

In order to illustrate the difficulties that a meter of this 
type has to contend with, it will be best to examine some of 
the older designs. 

The earliest of these is that of McKenna (1892). The 
reason of mercury being selected was primarily due to the 
facility with which the volume of the fluid metal deposited 
could be measured in a graduated vessel. As McKenna's 
specification says :—* The advantage (over Edison’s) is that 
it enables the person using the meter to observe its registra- 
tion at any time and without difficulty ; whereas in meters 
of the ordinary form, the measurement is practically 
obtainable only by a skilled person who opens the instru- 
ment and weighs the deposit." 

The illustration in Fig. 3 shows the apparatus, which 
consists of an anode of mercury contained in the pocket 
A, the cathode of carbon B, and the electrolyte. The 
latter is usually mercurous nitrate, as it is one of the most 
soluble salts of the metal. The monovalent salt has the in- 
cidental advantage that for the same current, twice as much 
metal is deposited as is liberated from the mercuric salt. 
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The electrolytic cell is connected across a low resistance 
shunt R inserted in one of the supply mains. A compara- 
tively large resistance r is put in circuit with the cell itself, 
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so that only a small fraction of the current passes through 
the electrolyte. 

The action of the current is to deposit mercury on the 
carbon pencil, whence it drops into the graduated tube. 
By properly calibrating this tube, the meter may. be made 


100 DICK: ELECTRICITY SUPPLY METERS (Congress, 


to read directly the number of units consumed by the 
installation. The deposited mercury may be drawn off by 
the stop cock C, and returned to the anode by the funnel D. 

Although this meter is excellent in principle, it could 
never be adopted in practice. The first defect to become 
visible in working would be a deposit of crystals at the 
anode surface. The electrolyte at this point becomes very . 
rich in mercury, dissolved from the anode; ultimately it 
gets saturated, and deposits crystals, because there is no 
provision for agitating the solution and equalising the 
densities. There is a great increase of resistance due to this 
production of crystals, and the meter no longer gives 
accurate results. Further, as the mercury in the trough 1s 
dissolved and deposited in the tube, the surface falls below 
its original level, and the distance from the cathode 
increases, with a corresponding change in the internal 
resistance of the cell and an accentuation of the resistance 
error. 

A third practical defect is the method of,tesetting the 
meter to zero, which is by drawing off the mercury and 
replacing it in the anode chamber. In this process dirt 
is certain to be introduced either into the metal or the 
solution, which will cause an irregular deposit when the 
meter next begins to register. 

As is well known, too great care cannot be exercised in 
maintaining the chemical purity of mercury when used for 
electrolytic purposes. 

Anders & Kottgen's meter (1892) is of the same class as 
McKenna's, and resembles it in almost every particular 
except that the cathode is an inverted cone of platinum 
instead of a carbon rod. The same observations are 
applicable to its action; and the same effects militate 
against its successful working. 

Having exhibited these forms as examples of the hitherto 
vain attempts to produce a satisfactory shunted electrolytic 
meter, it remains now to show how the difficulties have 
been overcome. 

The meter illustrated in Figs. 4, 5, 6 and 7, which 
has been devised by Mr. Arthur Wright, is the outcome of 
much thought and experiment in this province, and after 
being subjected to exhaustive tests, has given thoroughly 
satisfactory results. | 
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FIGS. 4 AND 5. 
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The general principle of the meter is the same as already 
described, i.e, the amount of mercury deposited from a 
solution of a mercurous salt is employed to measure the 
quantity of electricity: The various parts of the electrolytic 
cell are enclosed in a hermetically sealed glass tube, and 
advantage is of course taken of the fluidity of the metal 
to measure the volume deposited instead of the weight. The 
method of connecting up the meter is similar to McKenna's. 
The total resistance (including the cell) in the shunt circuit 
is about 40 ohms, and the maximum current in it is 
about 0*025 ampere for a meter of 5 amperes capacity. Тһе 
resistance in the main circuit is of platinoid wire, and has a 
value of o2 ohm. What differentiates it at once from the 
other types is the change in the relative position of the 
anode A and cathode B. The former is now placed above 
instead of below the latter. The mercury of the anode 
is contained in a circular trough C, which is filled to such 
a height that the more concentrated solution formed by the 
electrolytic action falls off the convex surface of the mercury 
by gravity, and thus automatically mixes the liquid and 
tends to keep it of a uniform density. The aid of gravity in 
thus promoting diffusion would soon be ineffective if the 
mercury of the anode were to sink below the level of 
the lip of the trough. This is prevented, and constancy of 
level is obtained, by the employment of an anode “ feeder " 
D, after the manner of the well-known “ bird-fountain." 
When any portion of the mercury has been electrolysed 
from the anode and the level sinks to the smallest extent, it 
is quickly restored to its former height by a slight flow from 
the anode “feeder,” while a corresponding amount of 
solution replaces the mercury thus withdrawn from the 
“feeder.” 

The cathode usually consists of a hollow cone of 
platinum foil or carbon, arranged concentric with the 
annular trough forming the anode. 

The circulation of the electrolyte above described is 
reinforced by the cathode, as the lighter liquid produced 
at its surface tends to rise and replace the dense solution 
formed at the anode. The stream lines showing the 
relative circulation of the rich and impoverished solutions 
are illustrated in Fig. 8. 

This interchange of solution goes on continuously, and 
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there is no need for agitation orstirring. The formation of 
crystals on the mercury anode, as explained above, was 
practically unavoidable in the earlier meters of this class 
unless extremely small currents were employed in the cell, 
and a long period of rest was occasionally given to permit 
the crystals to dissolve and the saturated solution to diffuse. 


Fic. 8. 


The large surface of the anode makes the internal resistance 
of the cell very small, and its symmetrical relation to 
the cathode makes the current density equal at each point, 
and therefore minimises any tendency to crystallise. The 
gravitational effect and the large extent of active anode 
surface permit of comparatively large currents in the cell 
before any signs of saturation of the solution become visible. 
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Consequently there is a large factor of safety between the 
working current densitv and that causing crystallisation. 
This factor of safely may be as high as four or five. 

To secure accuracy with a shunted meter, it is a siue quá 
non that the resistance of the cell itself should be constant, 
or nearly so. This is only possible where no change takes 
place in the areas of the electrode suríaces, or in the 
distance between the two electrodes, or in the density 
of the electrolyte. 

In the present meter these first two essentials are fulfilled 
completely by the operation of the *anode feeder" in 
keeping the surface of the mercury in the trough always at 
the same height and of the same area, and the third is 
secured by the automatic circulatory process. 

“ Аѕ1ѕ ѕееп in Fig. 4,the meter is provided with two scales. 
The first of these is equal to 100 units and is fixed alongside 
one of the limbs of the syphon or U-tube E. The 
mercury that is deposited on the platinum cone drops in the 
form of minute globules into this tube, which opens out 
at its upper end into a glass funnel F, luted on to the main 
tube so that none of the mercury can escape falling into 
it and being measured. 

When a quantity of mercury calibrated to be equal to тоо 
units has collected in the right-hand limb, it will stand at a 
level somewhat higher than the top bend of the syphon tube. 
This difference of head is sufficient to cause the syphon 
to come into action, and the whole of the mercury contained 
in the U-tube to be drawn over and fall into the lower 
receptacle G. This is graduated in such a manner that 
one division on its scale is equal to the complete volume 
of the U-tube. It therefore acts like the “second dial” 
of a clock-train counting mechanism ; in other words, the 
range of the meter is very much increased, while the 
sensitiveness of the lower readings is not in the least 
impaired. A five-ampere meter furnished with these two 
“dials " will register conveniently up to 1,200 units. In fact 
the range of the meter is only limited by the weight of 
mercury it is advisable to have in the anode feeder. 

Of course, a simpler type of meter having a range of 
about 250 units can be made in which the mercury deposited 
does not fall into a syphon tube, but into an ordinary tube 
reading direct in units. 
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When a full record has been obtained on the meter, it 1s 
necessary to reset it. This is done by tilting it up (like 
a demand indicator) on its hinged terminals, when all 
the mercury in the lower part of the tube will flow back into 
the anode chamber. A small hole is left in the glass funnel 
at the top of the syphon tube for the passage of the 
mercury. By this simple operation the meter is brought 
back exactly into its original condition. The cycle of 
operations can now recommence, and be repeated 
ad infinitum. It is interesting to note that this resetting 
is required only at long intervals. For a consumer with a 
five-ampere demand on 230 volts, 1,200 units would represent 


at least 1,000 hours all taken at the maximum load. This is 
equivalent to a year's consumption with 2°75 hours use per 
day of the maximum demand. In most cases, therefore, 
there would be no need to reset the meter oftener than 
once a year. 

As previously mentioned, the glass tube is hermetically 
sealed. This i$ possible as the chemical action does not 
give rise to the production of gas, and consequently there is 
no internal pressure. As there is no opening to the air, 
there is no evaporation, no efflorescence, and no deterioration 
in the quality of the materials. The meter is not affected 
by atmospheric pressure, and only to a very small extent by 
external temperature. For this a simple means of com- 
pensation is available. 
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In very cold weather, there is the possibility of the 
solution in the meter freezing. This does not take place, 
however, even at a temperature of — 4°C., and in the situa- 
tions where meters are usually fixed, the temperature is not 
likely to fall below this figure. 

The adjustment of the meter to read in B.O.T. units 15 
an easy matter. The first essential is to obtain a clear 
reading. A quantity of mercury sufficient to occupy about 
one mm.length of the U-tube gives a quite sensitive 
enough indication for one unit. The syphon tube, although 
of very uniform bore, is always calibrated with a moving 
column of mercury like a thermometer tube,so that each 
of the divisions exactly equals one unit. The number of 
grammes of mercury per mm.or per unit can then be 
calculated from the volume of the tube. 

The consideration that determines the amount of the 
resistance in the main circuit is the all-important one of the 
permissible drop in pressure. It ought to be as low as. 
possible to prevent undue loss of energy, yet high enough to 
give a good reading for one unit. A limit of one-volt drop 
at full load has been chosen on 200 to 250 volt supply, this 
being a convenient figure and one that allows of a fairly large 
resistance being inserted in the shunt circuit. The current 
in the main which will convey a unit per hour is 2 
V is the declared pressure. The approximate value of 
the resistance in the shunt circuit is then found from 
the following formula derived from the equation W = СТ г 


, where 


1000 R . 
grammes per mm. on scale — yy” where R is the 


main and r the shunt resistance, and z is the electrochemical 
equivalent in grammes of mercury in the mercurous state. 
The resistance of the cell is measured by a potentiometer 
method ; knowing this, we can at once find the additional 
resistance r, to be placed in the shunt circuit to equal r. 

A final correction in the relative values of the main and 
shunt resistances is provided for, after they have been 
checked by a “time” test of the meter by the following 
arrangement. The platinoid spiral of the former has two 
straight pieces near its ends which can be slid up or down 
in two terminals, and thus vary its amount. When exact 
adjustment has been made, the terminal screws can be sealed, - 
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and there is no further possibility of altering the resistance 
or tampering with the meter’s registration. 

It is amply proved by the behaviour of the meter in 
practice that its design is successful in overcoming the 
inaccuracies to which the electrolytic type is liable. Various 
measurements have been made, however, with a view to 
checking the theoretical deductions described above, and 
also to ascertain the lowest current it is possible to register 
accurately. | 

The counter E.M.F. is the most important physical 
quantity in connection with a shunted electrolytic cell. 
This was determined very carefully at full load by direct 
reading, and the mean result of numerous tests on different 
meters gave a value of ‘ooo1 volt. 

The equation for E, the total E.M.F. between the 
electrodes of an electrolytic cell, has been shown to be— 


E- Ri O ja 


where e is the counter E.M.F., i the current, R the resistance, 
and ¢(/) is some function of the current. 

Tests were taken to ascertain the importance of the last 
two factors on three meters, of which the first was freshly 
made up, the second had its cathode very thinly coated with 
mercury, and the third had the usual amount of mercury 
adhering after a long period of working. The curves in 
Fig. 9 are plotted to show the relation between E, the applied 


E.M.F., and =, the apparent resistance of the cell. 

If the function £o + e were equal to zero and К were 
constant, the curves would be straight lines parallel to 
the horizontal axis. The first diverges very little from 
parallelism, the second less, and the third (or working con- 
dition) is, within the limits of experimental error, almost 
parallel. The small counter E.M.F. in the first two instances 
may be accounted for by the fact that (according to Ober- 
beck) when a platinum plate is coated electrolytically with 
a metal, the electromotive force between it and a solution 
of that metal only gradually assumes the value observed for 
the massive metal as the thickness of the deposit grows. 
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It is extremely satisfactory to note from these tests that 
there is no counter E.M.F. due to the different degrees of 
concentration of the solution at the anode and cathode. 
In other words, the precautions taken to secure good 
diffusion have fulfilled their purpose. How great a value 
this counter E.M.F. of concentration may reach can readily 
be tested with a cell made up of half-normal and twentieth- 
normal solutions of mercurous nitrate and two mercury 
electrodes. A rough experiment gave an E.M.F. of 0016 
volt, which would be sufficient to cause very serious errors 
with small currents. It is this counter E.M.F. due to 


differences of concentration that manifested itself in the 
Edison, Grassot, and other shunted meters, and rendered 
them inaccurate even when the greatest care was taken 
to avoid it by working at very low current densities. It 
is an excellent thing to be able to show that the present 
meter has so many negative virtues. The vital question, 
however, is this: Does it in practice preserve a constant 
ratio between the current in the cell and the current to 
be measured? If so, the laws of electro-chemical action 
will take care of its accuracy. 

Fig. 1o gives the results of experiments on this point. 
The curve is, within the limits of observation, a perfect 
straight line passing through the origin, and therefore 
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indicates exact proportionality of the main and shunt 
currents. 
The only extraneous cause of variation the meter is 


subject to is change of temperature. The electrolyte has 
a negative coefficient, while the copper wire of the resist- 
ance in series with it has a positive coefficient. The 
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combination of the two tendencies in suitable proportions 
will result in making the total resistance of the shunt circuit 
constant at all temperatures. 

This method of compensation was first made use of by 
Edison in his Zinc Electrolytic Meter. 

In Fig. 11, the tests taken of a 5-ampere meter are shown 
graphically. The variation of resistance in the cell itself 
is smaller than that of the copper-wire bobbin, when their 
resistances are seven and forty ohms respectively. Hence, 
if only copper is used, the diminution in resistance of the 
electrolyte would be over-compensated for ,and the meter 
would read low at high temperatures. 

From the curves it 1s clear that in the present case 
a correction of 3 ohms is required between 5°C. and 
30°C.; and therefore 29:5 ohms at 15°C. of copper wire 
will suffice, the remainder of the windings being of platinoid, 
or similar material. The curves of the properly com- 
pensated meter are exhibited іп Fig. 11A. 

The dotted curve shows how the resistance of the copper 
would have increased had it assumed exactly the external 
temperature. In point of fact, the increase was greater, as 
there was a considerable heating effect, due to the shunt 
current passing through it, and there being no opportunity 
for radiation. 

After the lengthy explanation of the precautions taken 
to obviate the introduction of error from every possible 
source, it is not surprising that a very high degree of 
accuracy is obtained with this meter, not only with 
ordinary, but also with extremely small currents. All 
meters sent out can easily be adjusted, by means of vary- 
ing slightly the main resistance, to register within one 
per cent. of accuracy. 

. Perhaps the most remarkable proof of this statement is 

the accompanying series of tests taken on three meters 
running continuously with о"05 ampere. There was по 
standard meter to test them by at this current, and the 
units had to be calculated from the current (kept constant) 
and the time it was on. The duration of these tests had 
to be as long as four or five months, in order to get any 
range of reading. 

It is noticeable that the error for the first ten units 
Is considerable. This is due to some of the mercury de- 
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posited adhering to the cathode. Ultimately it falls off, 
and the quantity remaining is so small in proportion to the 
amount deposited that this error practically disappears. 
Even this temporary error of the retention of some of the 


Temperature. 


FIG. ПА. 


mercury on the cathode is overcome by the employment of 
carbon instead of platinum foil. 

Fig. 12 gives the graphic results of records with 0:05 
ampere. 

When such accuracy can be attained with currents:lower 
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than any used for electric lighting, it does not a fortiori 
appear difficult to guarantee commercial accuracy within 
the limit of one per cent. stated above. 

Fig. 13 represents the curves of three average meters. 
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Of recent years it has become very generally recognised 
that some form of maximum demand indicator is a neces- 
sary adjunct to a meter, in order to determine a consumer’s 
bill equitably. The additional drop of pressure at the 
lamps due to this second apparatus is sometimes com- 
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plained of, although even with a 5-ampere meter it does 
not exceed o'6 or о” volt. The Electrolytic Meter described 
can readily be combined with a fhermal demand indicator 
in such a way that the heating resistance of the latter serves 
as a shunting resistance for the former, and no further loss 
of pressure is entailed than with a single instrument. 

The total resistance causing the drop of 1 volt, on which 
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FIG. 13. 


the meter proper is calibrated, is made up of the heating 
coil, together with an adjustable resistance of platinoid 
wire, in series, similar to that in the ordinary type described 
above. 

Two views of the composite apparatus are given in 
Figs. 14 and r5. 

The diminution of the pressure loss is not the only 
advantage possessed by this arrangement. It is exceedingly 
neat, and economises space in a сопзштег 5 installation. 

Vor. 81. 8 
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In measuring the electricity consumed by an installation 
on the three-wire system, two meters have to be employed 
with most of the ampere-hour types. The present meter, 
however, can be easily adapted for such cases by means of 
a simple arrangement devised by the author, which answers 
perfectly for the usual method of wiring houses in England. 

The installation is divided into two approximately equal 
sections, the neutral wire being split for this purpose. At 
the point of splitting A (Fig. 16), two low resistances, R, 
and R,, are inserted of exactly equal value. The electro- 
lytic cell, with its compensating resistance, is connected 
across the two further ends (C and D) of these resistances. 
When К; 15 equal to К,, the current through the cell will be 
proportional always to the sum of the currents C, and С, in 
the two halves of the installation. For the total difference 
of potential between C and D is :— 

С, К, + C; R5 
or, when К, = К, = К, 
R(C, + С,). 
Hence the current through the cell, and therefore its 
readings, will be proportional to the sum of the two 
currents exactly. 

The only extra cost of a three-wire meter is that of an 
additional terminal and adjustable resistance. 

Durability is an attribute of the greatest importance to 
any apparatus which has to be repaid by a sinking fund 
during a period of fifteen or twenty years. A short criticism 
of this meter from that point of view will, therefore, not be 
irrelevant. | 

Provided, as it is, with a strong cast-iron case, it can 
easily stand ordinary external wear and tear. Electrically, 
its main circuit is very permanent. The platinoid wire, 
which is not run at a high enough current density to get 
hot, will practically last for ever, and will not be damaged 
by a momentary short-circuit. 

The liability to alteration in course of time in the 
electrolytic cell—the most important organ of the meter— 
is the only other point requiring consideration. As nothing 
is added to or taken from its components during working, 
and as there is no exposure to the air, the durability of the 
cell depends only on the chemical stability of the mercurous 
nitrate solution. Fortunately, this is used under precisely 
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the condition requisite for its stability, ;.e., in presence of 
mercury. The chemical analyses made on meters that have 
been constantly working for eight months, and during that 
period have registered as many units as they would have 
done in five years in an ordinary installation, show identically 
the same proportion of mercurous nitrate in the solution as 
at first, and only a trace of mercuric nitrate—too small to 
be measured. 


To installatior:. 


С: Сі Са 
c D 
R1 Ra 
A 
From street. 
Fic. 16. 


Great care is taken in the manufacture of the meter to 
use only chemically pure mercury and purified mercurous 
nitrate solution. The details of the necessary processes 
are, however, interesting only to the manufacturer, If the 
metal had to be removed and weighed, and fresh electrolyte 
added periodically, the introduction of impurities and con- 
sequent errors could hardly be avoided. In this permanence 
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of the constituent parts, therefore, the successful working 
of the meter is guaranteed, to all appearance, for an in- 
definite period without repairs or attention. 

In concluding this description of the evolution of a 
good electrolytic meter, its chief features might be briefly 
recapitulated. 

It is cheap in first cost; it has a very long range, and 
causes a very small drop in pressure. 

It forms a most convenient combination with a demand 
indicator. 

It will integrate any current, however small, with perfect 
accuracy. It requires absolutely no attention, and its cost 
of maintenance 15 nil. | 

The sense of security that such a meter should give to 
a central station engineer on the single point that every 
unit supplied to a customer is recorded, ought to, and is, 
removing the lingering objections which have hitherto 
attached to electrolytic meters as a class. 


The PRESIDENT : I do not propose to call upon anybody 
to enter upon the discussion of this paper. Those gentle- 
men who wish to make any remarks will be kind enough to 
submit them in writing. The paper has been a very inter- 
esting paper, dealing with a most interesting subject. I 
have much pleasure in calling upon you to accord the 
author a hearty vote of thanks. 

The vote of thanks was carried by acclamation. 

The PRESIDENT: At the time we undertook to conduct 
the business of this section of the Congress it was thought 
that, in visiting Glasgow, it would be complimentary to 
our Local Section here to call for a paper upon those 
instruments which had been produced under Lord 
Kelvin's directions. While recognising that those instru- 
ments are, undoubtedly, well known to electrical engineers, 
it was felt that such a paper would be of interest to others 
than the members of the Institution who might be attending 
the Congress. Lord Kelvin was accordingly communicated 
with, and eventually Professor Maclean was good enough to 
draw up the paper which is before you. I may say that 
Professor Maclean has brought here several instruments 
which will be available for the inspection and examination of 
members of the Congress at the conclusion of the meeting. 
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KELVIN’S ELECTRIC MEASURING INSTRUMENTS. 
By Professor MAGNUS MACLEAN, D.Sc., M.I.E.E., 
Chairman of the Glasgow Local Section, I.E.E. 


The date of the beginning of exact electric measurements 
in electrical engineering may be roughly put about twenty 
years ago, and since that date Lord Kelvin has taken out 
27 patents relating to improvements in instruments for gen- 
erating, regulating, measuring, recording, and integrating 
electric currents. These patents contain (1) 185 pages of 
descriptive reading, and (2) 126 sheets having 297 figures or 
diagrams, as shown in a tabular statement in Appendix I. 
Appendix II. shows in a tabulated form the 11 patents 
relating to improvements in electric telegraphic apparatus. 
These patents contain (1) 211 pages of descriptive reading, 
and (2) 24 large sheets having 127 separate figures or 
diagrams. 

Electric measuring instruments may be conveniently 
classified under four heads :— 


A. Electrometers. 

B. Electro-magnetic Instruments for measuring currents 
and differences of potentials. 

C. Electro-dynamic Instruments for measuring currents 
and differences of potential, and electric activity. 

D. Instruments arranged for recording and integrating 
electric currents. 


A.—ELECTROMETERS. 


Electrometers are divided into (1) symmetrical electro-. 
meters and (2) attracted disc electrometers. By means of 
these electrometers differences of potential from ті; volt 
to 100,000 volts can be accurately measured. The sym- 
metrical type of electrometers include (a) quadrant electro- 
meters. (b) multicellular electrometers, and (c) vertical 
electrostatic voltmeters. The principle on which these 
instruments act is that of an air condenser, in which one 
metal part is movable about an axis, so as to increase or 
diminish the capacity. The magnitude of the force con- 
cerned in any case (except in the quadrant electrometer 
used heterostatically when the force is approximately in 
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simple proportion to the difference of potential between 
two pairs of fixed quadrants) is proportional to the square 
of the difference of potential between the fixed and movable 
parts. This force is balanced in the quadrant electrometers 
generally by a bifilar suspension, in the multicellular electro- 
meters by the torsion of a suspending wire, and in the 
vertical electrostatic voltmeters by a weight of any con- 
venient amount placed on the movable part. These 
instruments are so well known that no detailed description 
need be given of them (see Figs. 1 and 2). It may suffice 
to say that they have the great advantage of being available 
as accurate measurers of potential on direct and alternating 
systems. As they use no current, they require no tempera- 
ture correction, and they are, therefore, free from the causes 
of error so prevalent in instruments of the electro-magnetic 
type, whose accuracy is impaired by variations of tempera- 
ture, and which, when used on alternating systems, are 
affected by errors due to self-induction varying with the 
period of the alternation. 
A. (2). The attracted disc electrometers include :— 


(a) Absolute electrometers. 
(b) Long range electrometers. 
(c) Portable electrometers. 
(d) Electrostatic balances. 


Electrometers (a), (6), and (c) are described in detail in 
Kelvin's * Electrostatics and Magnetism." The fixed portion 
of the condenser in the electrostatic balance is a brass disc 
supported on three glass pillars, and the movable part is a 
round aluminium plate supported by two long links on two 
knife-edge stirrups on one end of a counterpoised indicator. 
The whole movable portion is supported by knife-edges on 
two brass pillars. The balancing force is the gravity of 
some definite weights supplied with the instrument, the 
weights being so graduated that differences of potential 
from 500 volts to 100,000 volts can be measured (see Fig. 3). 

In connection with these electrometers, mention should 
be made of the Standard Air Leyden Condenser, as, in 
conjunction with a suitable electrometer, it affords a con- 
venient means of quickly measuring small electrostatic 
capacities, such as those of short lengths of cables. 
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The instrument is formed by two mutually insulated 
metallic pieces, A and B (see Fig. 4), constituting the two 
systems of an air condenser, or, as it may be called, an air 
Leyden. The systems are composed of parallel plates, each 
set bound together by four long metal bolts. The two 
extreme plates of set A are circles of much thicker metal 
than the rest, which are squares of thin sheet brass. The 
set B are all squares, the bottom one of which is of much 
thicker metal than the others, and the plates of this system 
are one less in number than the plates of system A. The 
four bolts binding together the plates of each system pass 
through well-fitted holes in the corners of the squares ; and 
the distance from plate to plate of the same set is regulated 
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Ғіс. 5.— Potential Graded Galvanometer. 


by annular distance pieces which are carefully made to ft 
the bolt, and are made exactly the same in all respects. 
Each system is bound firmly together by screwing home 
nuts on the ends of the bolts, and thus the parallelism and 
rigidity of the entire set is secured. 

The two systems are made up together, so that every 
plate of B is between two plates of A ; and every plate of A, 
except the two end ones, which only present one face to 
those of the opposite set, is between two plates of B. When 
the instrument is set up for use, the system B rests, by 
means of Lord Kelvin's well-known “hole, slot, and plane” 
arrangement engraved on the under side of its bottom plate, 
on three glass columns which are attached to three metal 
screws working through the sole-plate of system A. These 
screws can be raised or lowered at pleasure, and, by means 
of a gauge, the plates of system B can be adjusted to exactly 
midway between, and parallel to, the plates of system A. 


Fic. 6.— Round Pattern Suspended Coil Amperemeter and Voltmeter. 
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The complete Leyden stands upon three vulcanite feet 
attached to the lower side of the sole-plate of system A. 

In order that the instrument may not be injured in 
Carriage, an arrangement, described as follows, is provided 
by which system B can be lifted from off the three glass 
columns and firmly clamped to the top and bottom plates 
of system A: The bolts fixing the corners of the plates of 
system B are made long enough to pass through wide 
conical holes cut in the top and bottom plates of system A, 
and nuts at the top end of the bolts are also conical in 
form, while conical nuts are also fixed to their lower ends 
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below the base-plate of system A. Thumbscrew nuts, f, are 
placed upon the upper ends of the bolts after they pass 
through the holes in the top plate of system A. When the 
instrument is set up ready for use, these thumbscrews are 
turned up against fixed stops, g, so as to be well clear of the 
top plate of system A; but when the instrument is packed 
for carriage, they are screwed down against the plate until 
the conical nuts mentioned above are drawn up into the 
conical holes in the top and bottom plates of system A; 
system B is thus raised off the glass pillars, and the two 
systems securely locked together so as to prevent damage 
to the instrument. А dust-tight cylindrical тега! case, В, 
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which can be easily taken off for inspection, covers the two 
systems and fits on to a flange on system A. The whole 
instrument rests on three vulcanite legs attached to the 
base-plate on system A, and two terminals are provided— 
one, i, on the base of system A, and the other, у, on the end 
of one of the corner bolts of system В. -. 


B.—ELECTRO-MAGNETIC INSTRUMENTS. 


B. (1). Among the earliest of the electro-magnetic instru- 
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Fic. 8.—IIluminated Dial, Thistle Pattern, Suspended Coil Amperemeter and 
Voltmeter. 


ments (leaving out of account the reflecting, differential, and 
ballistic galvanometers of more than forty years ago), and 
certainly among the most convenient for giving a very wide 
range of current measurement, were the graded galvano- 
meters. The current galvanometer instrument consists of 
а со! made up of a few turns of thick copper strip having 
a resistance of about one thousandth of an ohm. This 
coil is fixed to one end of a platform, on which a magneto- 
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meter rests. The magnetometer is supported on three feet 
and a spring ; two of these feet slide in a “У” groove, cut 
in a slip of hardwood let into the top of a platform, and this 
allows the magnetometer to be moved nearer to or further 
from the coil, but prevents it being so turned round as to 
change the zero reading of the instrument. The sensibility 
of the instrument is changed by changing the position of 
the magnetometer on the platform. By means of this 
instrument currents from 4 milliamperes to 200 amperes 
can be accurately measured. The potential graded galvano- 
meter is similar in form with the exception that the coil 
consists of insulated wire the resistance of which is generally 
over 5,000 ohms. Differences of potential from a small frac- 
tion of a volt to 200 volts can be readily measured by means 
of it. Both these galvanometers are of the movable needle 
type (see Fig. 5). 
B. (2). Of recent years Lord Kelvin has reverted to his 
siphon recorder type of instrument in which there is a 
movable coil in a fixed magnetic field. The first instrument 
of all the suspended coil pattern was Weber’s electro-dynamo- 
meter, in which a fixed coil acted on a movable coil capable 
of rotational displacement round an axis. The first suspended 
coil instrument with field due to a steel magnet was the 
invention of the Rev. H. Highton. The coil was supported 
on pivots between the poles of a steel magnet. It was used 
by the British and Irish Telegraph Company as a receiving 
instrument about 1856 and 1858. Lord Kelvin greatly 
improved this form of instrument by introducing a fixed 
soft iron core in the siphon recorder of 1867. This soft 
iron core has made the present form of instruments 
practically valuable. And now there are six types of these 
movable coil instruments manufactured, each of which can 
be used for measuring currents or differences of potentials. 
The permanent magnets are circular compound horse-shoe 
magnets specially treated to ensure permanency. With 
good quality of steel, a proper preliminary ageing of the 
magnets (by heating them several times in boiling water 
and cooling them again, and subjecting them to somewhat 
varied usage) brings them to a condition in which the 
magnetism is found to remain exceedingly nearly constant 
month after month and year after year. The coil or 
movable system is supported on ligaments, or flat spiral 
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springs, which also act as the conductors of the current, 
and thus friction due to pivots is entirely avoided. In the 
voltmeter type any degree of sensibility can be attained 
with perfectly dead beat action, and ranges up to 1,000 
volts. There are six patterns. In patterns 1 to 5 the 
movable coil is suspended by a flat spiral spring, as seen in 
Figs. 6, 7, 8, and 9. In the reflecting mirror pattern the 
movable coil is supported by a flat metallic strip fixed at 
the top and the bottom (see Fig. ro). 


Edgewise. 

. Round. Figs. 6 and 7. 

. Illuminated Dial Thistle. Fig. 8. 
. Portable in aluminium case. 

. Portable paralleling. Fig. 9. 

. Reflecting mirror. Fig. 10. 
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All these instruments can be used as shunted ammeters 
to measure currents with fair accuracy. Shunts can be 
provided to register currents up to 1,000 amperes. I have 
found pattern 4 specially handy for laboratory work. With 
the instrument direct and three specially prepared shunts 
I can measure continuously currents from j,th milliampere 
to 20 amperes. The scale has 50 divisions, and the con- 
stants are as follows :— 


Constant. Range of Readings. 
Instrument unshunted | 5o mikroamperes рег | у; milliampere to 2 
| division... ..| milliamps. 

Ist shunt її milliampere рег|Іі milliampere to 50 
division  ... ..| milliamps. 

2nd shunt  ... .. 20 milliamperes per|20 milliamperes to т 
division ... ..| ampere. 

зга shunt  ... «Joa. ampere por divi-|o'4 ampere to 20 

| sion ... amperes. 


The suspended coil portable pattern can also be used as 
a millivolt or milliampere meter. Hence it is suitable for 
making conductivity tests of tram rails, or detecting faulty 
bonds. For this purpose a graduated bar with two steel 
contacts, as shown in Figs. 11 and 12, is provided. The 
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suspended coil voltmeter is carried in a light teak case 
(Fig. 12). As the two steel contacts can be altered in 
position along the graduated bar, various degrees of sensi- 
bility can be obtained. 

The suspended coil portable paralleling voltmeter (Fig. 9), 
used with suitable sockets in the switchboard, forms a very 
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Fics. 13 and 14.—Coil of Ampere Gauges. 


handy and expedient method of paralleling. It is arranged 
with a central zero; the connections are such that the 
currents from the dynamo which is running and the one it 
is desired to put in parallel with it oppose each other, and 
so when the potential of the two dynamos is the same the 
instrument indicates at zero. 

B. (3). The ampere gauges, which were intended for 
use on switchboards, have had two very important improve- 
ments introduced of late years. The first improvement 
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relates to the coil, the object of which is to obtain a coil 
which will give a more uniform field than is attained by 
ordinary methods. The coil consists of two copper tubes 
(two or more may be used), one smaller in diameter than 
the other. A spiral cut is made in each from near the top 
to near the bottom (see Figs. 13 and r4). The spiral cuts 
in the two tubes are right-handed in one and left-handed in 
the other. The smaller tube is placed inside the other, with 
the space between them occupied by air or solid insulating 
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Fic. 15.—Sector Pattern Ampere Gauge. 


matter. The two tubes are connected together at the top. 
The current goes up the copper spiral of one tube and 
down the spiral of the other tube. Thus a very uniform 
field through almost the whole length of the cylindric space 
within the coil is obtained. The second improvement 
relates to the method of suspending the soft iron plunger 
which is now suspended from a sector (see Figs. 15 and 22 
to 24). On account of the sector maintaining the move- 
ment of the plunger up and down in the same vertical 
straight line, it keeps the moment of the force exerted on 
the movable system always exactly proportional to the force 
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exerted by the current on the plunger in any position. 
Thus there is obtained a much more evenly divided scale 
than in the older type. In the old form of the instruments 
the coil required to have a slotted hole in order to allow of 
the horizontal movement of the plunger, which was caused 
by the circular motion of the point of suspension of the 
movable system. With this new form of coil and by the 
use of the sector, the force of the current is greatly concen- 
trated and much more uniform, and the horizontal move- 
ment of the plunger is completely done away with. 

On account of the intense field of these solenoidal coils, 
and the fact that the movable magnetic bar is always 
vertical, these instruments are not affected by switchboard 
currents. The ranges of the different types are such that 
currents from 4l to 4,000 amperes ог more can be accu- 
rately measured by them. The instruments measure the 
current independently of the direction in which it is 
flowing ; but where it is desired. to know the direction, as 
in accumulator or middle-wire circuits, a current direction 
indicator is fitted to the lower end of the scale. An edge- 
wise pattern with similar ranges of currents is made (Fig. 16). 

For the ranges above 2,000 amperes the solenoid is 
replaced by a simple straight, horizontal conductor of sheet 
copper two or three millimetres thick and four or five 
centimetres broad in a vertical plane. The soft iron 
plunger is made of hair-pin shape, the conductor passing 
between the two ends of this plunger. The effect of the 
current passing through the conductor is to magnetise the 
plunger, one end having north and the other south polarity. 
As the north pole is pulled downwards on one side and the 
south pole on the other, the hair-pin plunger gives double 
the force which would be obtained by a single plunger on 
one side of the conductor. Besides this there is the 
advantage of the hair-pin shape which allows the poles to 
be in close proximity to each other, very advantageously in 
respect to magnetisation of the horse-shoe. 


C.—ELECTRO-DYNAMIC INSTRUMENTS. 


The electrodynamic instruments are founded on the 
mutual forces, discovered by Ampere, between movable and 
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fixed portions of an electric circuit. The current instru- 
ments measure from I centi-ampere to 2,500 amperes, and 
the watt instruments measure up to 50 kilowatts and to 
10,000 amperes. The balancing force is а weight which 
sides on an approximately horizontal graduated arm 
attached to the movable coils of the electric balances. All 
the ampere balances are suited for the measurement of 
direct or alternating current. The deci-ampere balance 
(Fig. 17) may be taken as a type of these well-known 
standard instruments. 


Еіс. 20.—Engine-room Wattmeter : Horizontal Section of 
Movable System. 


The new engine-room wattmeter has a main circuit 
formed of a double rectangle of copper rod having sufh- 
cient area to carry 200 amperes, and a shunt circuit with 
two fine wire coils astatically arranged. The main coil is 
mounted on a slate back, so that fhe rectangles are horizontal. 
The shunt coils are mounted on a light but strong aluminium 
frame. One end of this frame has a circular knife-edge 
hole fixed to it, and the other end has a straight knife-edge. 
These two knife-edges rest on two phosphor-bronze hooks 
attached by insulating supports to the outside ends of the 
double rectangle. By this method of suspension excellent 
freedom from friction is obtained, while the movable system 


js kept in a definite position without end guides. Each 
Vor. 81. | 9 
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fine-wire coil has about a thousand turns of insulated wire, 
and its resistance is about 100 ohms. The current is con- 
ducted in and out from the movable system by two flat 
palladium springs, which also supply the balancing force 
for governing the sensibility of the instrument. Not more 
than one-twentieth of an ampere is allowed to pass through 
the fine-wire circuit, and, in order to regulate this, a large 
non-inductive resistance is rolled on the case of the instru- 
ment, which offers a large cooling surface. The scale has 
nearly uniform divisions, and is graduated to read directly 
in watts or kilowatts as required. Fig. 18 is a front 
elevation; Fig. 19 is a side elevation ; Fig. 20 is a hori- 
zontal section, on the line x y of Fig. 18; and Fig. 21 is 


FIG. 21.—Zngine-room Wattmeter : Vertical Section 
of Movable System. 


a vertical section showing the method of supporting the 
movable system. 

In the three-phase wattmeters there are two sets of main 
coils and two sets of shunt coils. The shunt coils form the 
movable system. They are coupled together, and the pointer, 
which moves over a scale of watts or kilowatts, is rigidly 
attached to them. Each of the movable coils has 1,510 
turns, made up of 51 metres of No. 40 copper wire and 
60 metres of No. 50 copper wire. The resistance of each 
coil is 317 ohms. The number of turns and size of con- 
ductor in each of the two fixed coils vary according to the 
range of the instrument. For a one-ampere instrument 
each coil consists of 300 turns of No. 22 copper, and for a 
5oo-ampere instrument 1 turn of j-inch diameter copper 
rod. 
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D.—RECORDING INSTRUMENTS. 


The recording instruments are Amperemeters, Volt- 
meters, and Wattmeters. The recording amperemeters 
and voltmeters are of the ampere gauge sector pattern. 
A drum, round which a record paper is fixed by a metal 
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FIG. 22.—Feeder Log : Front View. 


band, is revolved by means of a clock inside it. A pen 
which is attached to the lower end of the plunger rests 
against the paper on the drum with a small component of 
its own weight. This component is sufficient to give a 
good marking without introducing too much frictional 
error. A combination of a recording voltmeter and a 
recording amperemeter, called a Patent Feeder Log, has been 
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found very valuable in electric supply stations. Fig. 22 is 
a front view and Fig. 23 is a side view. There is a double 
sector for both the current coil and the potential coil. 
From one side of the double sector is suspended the soft 
iron plunger which moves up and down in the axis of the 
solenoid, and from the other end of the sector is suspended 
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FIG. 23.— Feeder Log : Side View. 


the pen which bears against.the record paper. One pen 
marks the value of the current passing, and the other pen 
is arranged above it to mark on the same time line the 
magnitude of the difference of the potential at the station, 
or at the feeding point. Fig. 24 shows the paper drum 
drawn out and turned downwards into a convenient 
position. for changing the recording paper. 

The Astatic Recording Voltmeter for alternating currents 
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Fic. 24.—Feeder Log. 
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is the same in principle as the wattmeter described above. 
The fixed coils are placed in a horizontal plane, and when 
the plane of the movable coils is at right angles to the plane 
of the fixed, the pointer is about 20° lower than the middle 
point on thescale. With the coils and pointer thus relatively 
placed the scale obtained is almost perfectly uniform. The 
record sheets are designed to show a variation of 20 per cent. 
on each side of the working voltage, this variation correspond- 
ing to a movement of the pointer on either side of 12°. The 
external non-inductive resistance consists of electric glow 
lamps. The filaments of the lamps which are arranged in 
series with the coils of the instruments not only act as 
resistances, but owing to the temperature variation of 
carbon being opposite to that of copper, compensate for 
any change in the resistance of the coils due to temperature. 
The current through the lamp filaments brings them to dull 
red, and under these conditions the resistance is found to 
remain quite permanent. · 

The recording wattmeters (Fig. 25) differ from the 
astatic recording voltmeters in that the fixed coils are of 
copper ribbon and carry the main current, while the 
movable coils, with electric lamps in series with them, take 
the shunt current. Each coil of the two movable coils is 
wound with 93 metres of No. 33 copper wire. The number 
of turns is 1,770, and the resistance of each coil is 89 ohms. 
Each of the two fixed coils is wound with 146 metres of 
No. 38 copper wire, and has 996 turns and 140 ohms 
resistance. The resistance of the lamps put in series with 
the coils depends upon the voltage at which the instrument 
is required to work. The mean working current through 
the instrument and lamps is arranged to be about one- 
eighth of an ampere. With this current the working force 
at the middle of the scale is approximately half a gramme 
weight. 

І have to thank Mr. Charles A. Pulsford for information 
regarding the coils of the wattmeters, and for the trouble he 
has taken in arranging the instruments on the lecture table 
for the convenient inspection of the members present at the 
meeting. | 

Kelvin’s electric measuring instruments may be also 
classified as follows, and the more important of them 
enumerated :— 
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I. STANDARD INSTRUMENTS. 


I. 


Ampere Balances. Fig. 17. 


2. Watt Balances. 


ом & W 


. Multicellular Electrostatic Voltmeters. Fig. 1. 
. Vertical Electrostatic Voltmeters. Fig. 2. 

. Quadrant Electrometers. 

. Absolute Electrometers. 


II. PORTABLE INSTRUMENTS. 


Ш. 


1. Horizontal Multicellular Voltmeters. 


N 


оо SAN Б O 


. Portable Suspended-Coil Amperemeters and Volt- 


meters. Fig. 12. 


. Testing set for measuring insulating resistance. 

. Cell Tester. 

. Rail Tester. Figs. 11 and 12. 

. Paralleling Voltmeters. Fig. 9. 

. Graded Galvanometers for currents and potentials. 


Fig. 5. 


. Portable Electrometers. 


CENTRAL STATION INSTRUMENTS. 


Т; 
. The Suspended - Coil Voltmeters and Ampere- 


О-о oo ч © Сл + 


к 


АП the Electrostatic Voltmeters. Figs. 1, 2, 3. 


meters. Figs. 6, 7, 8, 9, IO, ІІ, 12. 


. The Ampere Gauge Recording Voltmeters and 


Amperemeters, including the Feeder Log. 
Figs. 13, 14, 15, 16, 22, 23, 24. 


. Earth Current Recorder. 
. Astatic Recording Voltmeter for Alternating 


Currents. 


. Recording Wattmeters. Fig. 25. 
. All the types of Ampere Gauges. Figs. 13 


to 16. 


. Engine-room Wattmeters. Figs. 18 to 2r. 
. Three-phase Wattmeters. 
. Rail Tester. Figs. r1 and 12. 
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APPENDIX I. 


PATENTS RELATING TO IMPROVEMENTS IN APPARATUS FOR GENERATING, 
REGULATING, MEASURING, RECORDING, AND INTEGRATING ELECTRIC CURRENTS, 
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Mr. W. A. CHAMEN : I do not want to detain you for a moment, but 
I would like to say that the feeder log which has been described by 
Dr. Maclean was made at my request for the Glasgow Corporation. 
We have now about 100 of those instruments in daily use, and in the 
visits to-morrow to Port Dundas or to any other of the stations, members 
will be able to see the instruments in actual operation. They аге a 
great advantage for central station engineers, because they show you at 
one and the same time the variations of the current and of the voltage 
upon the same sheet of paper. We file our records away, so that we 
can refer to them at a moment's notice, and we do not any longer con- 
tinue the old-fashioned method of keeping the log figures in a book, 


where one has to rely upon the uncertainty of the human element. 


When it is realised, as I have said, that we have already over 100 
instruments in use, I think engineers will begin to see how really 
valuable that instrument is likely to prove. There are some in the 
Exhibition, of course, which can also be seen. At Port Dundas 
before very long we shall have some sixty feeders, and the labour 
that would be entailed in taking readings both of volts and current 
on the three-wire system would be something terrific. These instru- 
ments dispense with the whole of that trouble. 

The PRESIDENT: As there is no further discussion on Professor 
Maclean's paper, I will ask you to accord him a very hearty vote of 
thanks for his kindness in having so readily and lucidly drawn our 
attention to all the most important points in his paper. 

The vote of thanks was carried by acclamation. 


MEETING OF THURSDAY, SEPTEMBER 5th, 1901. 


The PRESIDENT : Before calling upon Mr. Field to read 
his paper, I think it will be interesting to those present for 
me to give you some information with respect to the pro- 
gress of the National Physical Laboratory which is now 
being established at Bushey House. Dr. Glazebrook, the 
Director of the Laboratory to whom I am indebted for the 
information, tells me that for the engineering work a room 
8o ft. by 50 ft. has been built, and is being provided with 
travelling crane, and all necessary equipment for driving 
machinery for practical or experimental research. Adjoin- 
ing are a drawing office and other rooms. Power is 
obtained from a 50 k.w. Parsons turbine. Dr. Glazebrook 
adds that the work which the Committee hope to attack in 
the first instance, is that which was commenced and has 
since been carried on by the Alloys Research Committee of 
the Institution of Mechanical Engineers. 

Apparatus for the photo-micrographic examination of 
steel rails is being set up, while for the experimental ex- 


Mr. 
Chamen. 


The 
President. 
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amination of the elastic properties of alloys a specially 
designed testing machine is on order. Arrangement are 
also being made for testing pressure gauges and steam 
indicators. Provision will also be made for testing gauges 
of all kinds in use in engineering works. 

Thanks to the generosity of Sir Andrew Noble, an 
excellent comparator, a dividing engine, and other measur- 
ing apparatus of the highest class will be available. 

The measurement of electrical quantities of all kinds 
will form a prominent feature of the work. 

The Superintendent of the Engineering Department will 
be Dr. T. E. Stanton, whose researches on the theory of 
surface condensers are already well known to engineers. 

The Laboratory will be opened, the Committee trust, 
before the end of the year. 


THE RELATIVE ADVANTAGES OF ТНКЕЕ-, TWO-, 
AND SINGLE-PHASE SYSTEMS FOR FEEDING 
LOW-TENSION NETWORKS. 


By MICHAEL B. FIELD, M.I.E.E., A.M.Inst.C.E. 


In April last the Institution of Electrical Engineers did 
me the honour of asking me to read a short paper on the 
relative advantages of three-phase, two-phase, and single- 
phase power transmissions for feeding low-tension networks, 
to introduce the discussion on this subject in Section IX. of 
the Glasgow Congress. 

In putting this paper before you, I wish to state that 
I have merely given expression to my own views on the 
subject, and have no idea whatever of dogmatically asserting 
that any one system is the best or the worst for a definite 
case. I have taken the Institution at their word, and have 
prepared a short paper in the hope that it may lead to a 
good discussion and call forth the views of other engineers 
more competent than myself to speak authoritatively on the 
subject. 

To put my ideas in a few words, I must say that I 
completely fail to understand the objections of single-phase 
advocates to the three-phase system. For instance, in the 
case of a large tramway scheme I personally think that any 


19011 SYSTEMS FOR FEEDING LOW-TENSION NETWORKS. 139 


one of the three systerns should give excellent results ; but 
while the three-phase is not one bit more complicated 
(except, perhaps, in theory) than the single-phase, it pos- 
sesses certain marked advantages from the point of view 
of prime cost, overall efficiency, and stability of operation, 
which should justify its general adoption for any such 
extensive schemes as that now being developed in Glasgow. 
Let us consider, then, the transmission of power from a 
single central station to a number of feeding centres suff- 
ciently remote to render the adoption of high-tension 
alternating currents for the transmission an essential ; and, 
further, let us assume that we are not restricted as to the 
choice of frequency. I do not propose to discuss here the 
possibility of working the tramway system with alternating- 
current motors. I fully believe that before long this will be 
possible, but at present it is certainly impracticable. An 
efhcient motor capable of economical speed-regulation for 
city and suburban traffic, giving a large starting torque, and 
requiring but a single-sliding or rolling contact for convey- 
ing current into the moving vehicle has yet to be designed ; 
and it, along with the accessory apparatus, will have to be 
standardised and subjected to severe tests over a lengthy 
period of time before railway engineers will be prepared to 
accept the same as a substitute for a continuous-current 
series motor. 

Any one acquainted with the Glasgow system will 
recognise the utter impracticability of working with two 
overhead conductors at different potentials per track at the 
very complicated crossings and junctions which occur in 
the city, and also the great difficulty and heavy expense 
of constructing a conduit system for two conductors owing 
to the enormous number of gas and water mains under the 
surface of the main thoroughfares, while the very heavy 
trafic in the same would render a surface contact system 
unreliable. These facts alone, apart from all other considera- 
tions, strongly favour the adoption of the series motor. 
(See Note I.) 

We have, therefore, no other choice than to assume sub- 
stations and suitable converters at the feeding centres for 
transforming the high-tension alternating into continuous 
current at 5oo volts. In dealing with the possible types of 
converter, I wish to refer to the very detailed paper entitled 
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“Polyphase Sub-station Machinery," read before the In- 
stitution of Electrical Engineers on March 14th of this year, 
by Mr. A. C. Eborall. 

Generating and Transforming Machinery.—The choice 
of converter lies between (1) Rotary Converters combined 
with Static Transformers ; (2) Synchronous Motor Generators 
without Transformers ; (3) Non-synchronous Motor Gene- 
rators without Transformers. 

The relative outputs for the same C?R loss of a rotary 
converter if used as a continuous-current generator, or a 
single-phase, three-phase, four-phase, or six-phase converter 
respectively, are as follows :— 


Single-phase Three-phase Four-phase Six-phase 
D.CsGenerator: Rotary. Rotary. Rotary. Rotary. 
1'00 "825 I'31 96%)! 1°94 


The four-phase connections will be employed with the 
ordinary two-phase transmission system, the three- and six- 
phase rotary connections with the three-phase system, or 
possibly with a suitable arrangement of transformers with 
the two-phase system. The table is based on calculations 
only, and I am not aware that the figures have been verified 
experimentally ; I see, however, no reason to doubt their 
accuracy. 

Table I. (p. 141) has been taken from Mr. Eborall’s 
paper, the last column, which refers to the Glasgow 500-k.w. 
rotary, having been added. 

Table II. (p. 142) gives costs, together with a com- 
parison of efficiency and weight, of three- and two-phase 
rotaries, three-, two-, and single-phase synchronous and 
non-synchronous motor generators for twenty-five cycles 
500-k.w. output (this is the size of Glasgow Sub-station 
units). 
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TABLE I. 
pv Em КОЕНЕК ТЕЛИ к КЕР 
Rotary 
Asynchronous EPE RETA 
Type of Equipment. Motor Motor po Glass 
Generator. Generator. ep-cown otary. 


| 


Transformers. 


а} боо kw. | 500 Км.) 500 kw.| 500 kw. 


ee 


Output of neu 
converter ... 


Speed of converter ... 300 300 300 500 
Number of field- po 
(generator)... | ds ш 16 6 
Peripheral speed of : 
| commutator o || 1880 1000 379€ 3250 
Number of commu- 
dator Nar ins : =} 2/9 2/2 560 324 
Temperature rise, any 30°C.* 
part after 24 hours 35°C. 35°С. 35°С. After 12 
at full load... hours 
Ful load 86% 87% | 9296 92"5> 
Efficiency 


Half , | 80% 79% | 875% | 89'5* 


Overload capacity for 
one hour with база | 
brushes А 


50%” 
25% 25% ”5% | Rise of 


Fullload| 01% 100-9695 | 100-9696 
Power-factor (leading.) | (leading.) s 
Half ,, 88% 
Starting current from 50% 100% 60% 
A.C. side in terms | | (Rotor re- | (Starting | (Starting — 
of full load current ) | sistance.) | motor.) | motor.) 
Full load d f 
poseer LN i | 3% Мопе None None 
Floor space required 
per kilowatt Cavers о5 O'S 0°45 0°34 
feet)... SN 


* Figures marked thus are guaranteed by Contractors only. 
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TABLE Il. 
МС Iu M Cu | DONO. 
Efficiency of Equipment. 
Type of SUP SAO Cost, including Total | К see а Е 
Convert Starting Gear. Weight. | El | . А | 
| | Load. . Load. | Load. | 
m gf toms. к ЖШ 
| | А 21600, 33 |9: 89775, 8675 
3-Phase Rotary with B 2,5600, 31 192 .0905 | 88 
Transformers. C 2,240 | 38 |936 | 926 | 884 
'D 2,122 | о | — | — | — 
a 2,240 3 34 | 91 89°75 | 8675 
2-Phase Ditto. (C an d o, E а Eun 
Ыр 2,14! — | — = | = 
| : | ; 
3-PhaseSynchronous | à ae y^ de "E | m 8525 
Motor-Generator. C 2,20. 42 до | 87 80 | 
n_a лы) ~ па HM ——_ € sr заны — — =) ————— MERE m ———— 
| А 2,400 | 42 : 89'5 | 88:25 | 85°25 | 
2-Phase Ditto. (B 2,280, 44 865 85 81'5 
С 2,320! 42 go 87 | 80 
| 1 | 
А 2,500 | 44 Ps rad 
Single-Phase Ditto. С адди | a з 9 
D 2,100' 38 — es 


————— ———— —— ---- --- 


| | 
| А 2,600 зо 89 87758475 
- Induct | 5 
ona в алю н 855 Mi 

| | C 86 
| 
| 
| 


А 2,680 | so 89 8775: 84 75. 
В 2,001 45 85 | 84 | 8t 
C -- — | — — 


+ 


2-Phase Ditto. | 
| 


ee ---- ----- 


5 
ГА 3,200 64 85 | — 81 
Single-Phase Ditto. | B 2,580 x 52 80 77 |72 | 
| C — — — | те i. eek у 
N.B.—All the above refer to converter equipments of 500 k.w. output 
at 500 to 550 volts on the D.C. side. Input at 6,500 volts on A.C. side. To 
each equipment is direct-coupled a negative booster, 600 amps. at 50 volts for 
rail return cables, z.e., Glasgow Practice, and where necessary a starting 
motor. A, B, C, refer to different makers. 
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The single-phase rotary works at such a disadvantage 
compared with two- and three-phase rotaries, that I have 
not thought it worth while to include it in the above 
table. 

From these figures it is evident that the rotary converter 
per se has the advantage over all other converters. It is 
true it requires three or six extra single-pole low-tension 
switches on the switchboard, but in itself is a less com- 
plicated machine than the motor generator. 

Taking it altogether, there is, as regards complication, 
nothing to choose between a rotary with its transformers and 
a motor generator without. As regards ease of running and 
starting up, I would say that, with properly designed rotaries 
for low frequency, there is no difhculty in this respect. 
Much is talked about surging and hunting of rotaries ; 
almost exactly the same may occur with synchronous 
motors ; but in all well-designed machines of both types, 
driven from good generators coupled to well-designed 
engines, giving a uniform turning moment, with heavy 
fly-wheels, this trouble may be considered as practically 
non-existent. 

Lastly, as regards overload capacity, ease of regulation 
and manipulation, the rotary converter affords all that can be 
desired. The Glasgow rotaries, for example, have from the 
moment they were first started run without trouble of any 
kind. It is, of course, possible to make them surge, but it is 
not easy. Curves a and b, Fig. 6, show the voltages taken with 
recorders on the D.C. side of rotary. Perhaps the only trouble 
we have had at all has been the reversal of the polarity of 
the rotaries, due to a heavy surge of current throughout the 
system, which has occurred once or twice on switching out 
a generator. Asa matter of fact, this has not caused us any 
inconvenience to speak of, as the cars do not know or care 
whether the trolley wire above them is positive or negative. 
It would not do if we were charging cells, but in any case I 
think it is a difficulty which we shall readily overcome as we 
become more experienced. 

Cables.—It is interesting to note that theoretically the 
three-phase system should give the best results as regards 
power that can be transmitted with a given weight of copper 
and with a minimum strain upon the insulation of the 
system. 
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Figure 1 represents systems involving the single-, two- 
or four-, three-, five-, and six-phase principles, the neutral 
point in each case being earthed. Let V be voltage and C 
current per leg in each system (in the single-phase case the 
line voltage equals 2V), then the power transmitted in the 
different cases will be represented by VC cos $, where 
n == number of legs, and ф —angle of lag. The power 
transmitted per unit weight of copper will be the same in 
each case, and similarly the maximum potential above 
earth ; but the maximum potential difference existing 
between any two points in the system (e.g., between the 
cores of a line cable) is a minimum in the three-phase case. 
Again, if the neutral point be not earthed, we must consider 
as the maximum strain on the insulation, the voltage above 
earth of any line-wire or pole if one other become acciden- 
tally earthed for an instant; this is again clearly a minimum 
in the three-phase case. 

Consider a specific case. In Glasgow we have four 
three-core cables to each of the five sub-stations ; the area 
of these cables is o'r or 0°15 square inch per core, as the case 
may be. Any one of these cables may be switched out 
independently of the others. An equivalent arrangement, 


if single-phase transmission had been adopted, would have 
been obtained by employing— 


(1) One concentric cable per circuit, or four cables 
per sub-station. 

(2) Two independent single-core cables per circuit, 
or eight cables per sub-station. 

(3) One two-core cable per circuit, or four cables 
per sub-station. 


In the case of a two-phase transmission we might have 
corresponding arrangements with— 


(1) Two concentric cables per circuit. 
(2) Four single-core cables per circuit, 
(3) Two two-core cables per circuit. 
(4) One four-core cable per circuit. 


In comparing the various systems, we can either keep 
the maximum potential above earth the same in each case— 


in other words, keep the same strain upon the insulation of 
Vor. 81. 10 
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generators, etc.; or we can keep the difference of potential 
between the line-conductors, that is, the strain on the in- 
sulation of the cables, the same in each case. It does not, 
however, follow that these two conditions will obtain at the 
same time. 

Table IV. gives a comparison of these various cable 
systems, taking as a basis one mile of three-core cable with 
earthed neutral, transmitting 1,000 kilowatts at 6,500 volts 
(three-phase), the area of each core being o'15 square inch. 
In every case the effective voltage is referred to, not the 
maximum of the voltage-wave curve. 

In the above case it will be seen that the strain on the 
insulation of generators, transformers, etc., is 3,750 volts, 
and on the insulation of the cables 6,500 volts. 

Cases 2 and 3 represent a single-phase transmission 
with concentric cables. In this instance it will be essential 
to work with an earthed outer conductor to ensure stability 
of working. With 3,750 volts between inner and outer we 
shall have the same strain on the insulation of the generators, 
but a smaller strain on that of the cables. With 6,500 volts 
working-pressure the strain on the generators will be greater, 
and оп the cables the same as in Case 1. The amount of 
copper in the line will be four times and 1:33 times respec- 
tively that in Case r1 for the same transmission loss. 

Cases 4 and 5 represent a single-phase transmission with 
two-core cables, the neutral point being earthed. In Case 4, 
with 1:33 times the amount of copper, we have the same 
strain on cables but smaller strain on generators; with the 
same copper in the line (Case 5), we have the same strain 
on the generators but a greater in the cables. 

Case 6 represents a single-phase transmission with two 
separate cables and an earthed neutral. In this instance the 
working voltage should be 7,500, when the strain on both 
generators and cables will be 3,750, the weight of copper 
being the same asin Case т. The disadvantage is, of course 
that twice the number of actual cables is required, and the 
self-induction of the line materially increased. 

Cases 7 and 8 represent two-phase transmissions with 
four-core cables and earthed neutral points. They exactly 
correspond to the single-phase Cases 4 and 5, and to Cases 
9 and ro, where two two-core cables per circuit are 
employed. 
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Case 11 represents the three-phase three-core case where 
the neutral is not earthed ; here we have, of course, as maxi- 
mum possible strain on generators and cables, 6,500 volts. 
With this we may compare the systems with two-core, four- 
core, and separate cables. In this instance the strain on 
both generator and cables, as in Case ro, will be 6,500 volts, 
but the weight of copper will be increased by 33 per cent. 

This is a somewhat lengthy discussion on the cable 
question, but I think it includes all possible cases, and the 
basis of comparison is a fair one. The last column of the 
table giving costs applies to lead-covered paper-insulated 
cables, and includes the cost of duct laying on the system 
adopted in Glasgow; the table clearly shows that the 
advantage certainly lies with the three-phase system. It has 
been assumed throughout that in the single-, two-, and 
three-phase cases the shape of the E.M.F. wave will be the 
same, and I see no reason why it should not be so. 

Before dismissing this cable question, I would like to say 
that I personally much prefer to have an unearthed system, 
and to rely on keeping a proper check on the insulation. 
If concentric cables be employed, it is imperative to earth 
the outer conductor. I think a three-core cable is the 
handiest and best. 

Of course, if other side issues enter in here, such as 
Board of Trade requirements in the way of earthed metallic 
sheaths outside the cables and distinct from the lead ccvering, 
or limit of power to be transmitted through any single cable, 
the above considerations may be entirely modified. For 
example, the two-phase and single-phase systems require the 
same weight of copper as long as each phase is supplied 
through a two-core cable and the systems are unearthed; the 
two-phase system with a three-conductor cable is much more 
extravagant from the copper point of view than the single- 
phase, but if we have to provide an earthed sheath, and we 
utilise this as one conductor, the two-phase with two con- 
centric cables requires less copper than the single-phase 
with one concentric cable, since in the former case the two 
outers being connected by earth form a common main, and 
hence their cross-section can be reduced. 
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TABLE V. 
vn | Max. possible 
olts per strain on 
Type. phase. Current. | Area. Loss total. | | азијаНоп of 
| | system. 


Per mile. 


core, or two sepa- и 
| rate cables — un- | 6,500 154 


‘Single-phase, two- | | 
| 
| 

| earthed system... | 


— —— ' a ——— À— 
——————— —Á— 


conductor, with or 


Two-phase, three- 
| 109 ) "256 + "256 ) 
| 4,600 p) | 6:3 k.w. 6,500 
34 


without common + °362 = ‘8 
conductor earthed | У ` a 
| ИЕ ы oe ыш у ы] mM att E itn 
Single-phase, con- || 
centric, earthed | - 6,500 154 '3 +'3 = | 63 Елу. |“ 6,500 
OULGE 55525042 | 


—— M Á— |_______|___ 


Two-phase, 2 соп- 77 | | | 
centric earthed | 6,500 | 7 :| 128 128 105 кау. 6,500 
outers ............... | || + '181 = 437 |! 3 2 


The above table illustrates this, showing how the question 
of Board of Trade regulations may entirely modify one's 
views. Note that the three-phase system with earthed 
neutral 1s considerably better than the two-phase with two 
concentrics. In the former case the copper area is '45, 
and strain on generators 3,750 ; in the latter, copper area 
15 “437, the strain on generators being 6,500 volts, or twice 
as many cables are required as in the three-phase case. 

Switchboards.—Here alone will a simplification be 
effected by employing a single-phase circuit. The mere 
fact, however, of requiring three legs per switch instead of 
two, or possibly, though not necessarily, three ammeters per 
circuit instead of one, should not have very much weight in 
determining the choice of asystem. I may say that in the 
Glasgow scheme all switchboards put together constituted 
only about one-fifth of the value of the cable system, so that 
the saving effected here by the employment of a single- 
phase system could not have amounted to much. 

In this connection there is one thing to be said in 
relation to the space question : it is often extremely difficult 
to fit in a switchboard ; for а large scheme particularly the 


150 FIELD: THREE-. TWO-, AND SINGLE-PHASE _ (Congress, 


boards may assume such proportions as to cause consider- 
able difficulty in making an entirely practicable arrangement, 
and any system which will diminish the overall dimensions 
of the board safely will in that respect have the advantage. 

Generators—I have obtained from different makers, for 
the purpose of this paper only, prices of three-phase and 
single-phase generators corresponding in type and output to 
the Glasgow 2,500 Клу. units. The particulars given to each 
maker were as follows :— 


Output, 2,500 k.w. 

Voltage, 6,500. 

Efficiency full load, 96 per cent. 

Three-quarter load, 95 per cent. 

Half load, 93 per cent. 

Speed, 75 revolutions. 

Cycles, 25. 

Fall of pressure between full load and no load, at 
constant speed and excitation, and power factor 
unity, to be not more than 7 per cent. 

Generator to be supplied without outboard bearing, 
or shaft, but with bed-plate rheostat, etc. 


In Table VI. I have attempted to tabulate the figures 
obtained from the various makers, from which it is at once 
evident that the three-phase generator is cheaper and lighter 
than the single-phase. 


TABLE VI. 


GENERATORS TO SPECIFICATIONS AS ABOVE, 


THREE-PHASE, SINGLE-PHASE. 


Е Weight. | Cost. | Weight. | Cost. 

(1) 123 tons. £6,000 184 tons. | £8,900 

(2) 120 tons. rm | 140 tons. | 56,200 
| (3) келті £4,600 | 125 tons. | pu 
| (4) | | 92 на | TON | | 105 ione | Tou | 
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While the foregoing considerations, in my opinion, point 
conclusively to the fact that a three-phase plant is the best 
for operating a large tramway system such as that of Glasgow, 
I confess that I am not such an out-and-out advocate of the 
three-phase principle as to recommend its adoption where 
the principal load consists of light pure and simple. 

The single-phase motor has of late made great strides, 
and is now a thoroughly practical and fairly economical 
machine, so much so, in fact, that taking into account the 
improved design of single-phase generators and methods of 
automatically compounding the same, a very considerable 
motor load may be connected to single-phase lighting 
circuits without detriment (Notes II. and III.). 

At the same time improvements are going on all round, 
and while a considerable motor load may be attached to 
single-phase lighting circuits without injurious effects, lights 
may perfectly well be, and in a large number of cases are, 
connected to three-phase motor circuits with excellent 
results. It is interesting to note, however, that the saving of 
copper in the low-tension network where the three-phase 
system is adopted is, contrary to expectation, practically nil. 

Figure 2 represents a three-phase transmission with three 
single-phase distribution circuits on the low-tension side. 
The low-tension network then exactly corresponds, as 
regards weight of copper, to a single-phase distribution net- 
work. 

Now imagine that A and A', B and B', C and C', are 
grouped together, the area of each of the three mains now 
being 1°73 times that of A, B, C, A’, B', C’ taken separately ; 
in each of the three mains we shall have 1°73 times the 
current, that is the same current density as before, and 
hence the same drop per mile; in other words, while we 
distribute the same amount of power, we reduce our weight 
of copper 133 per cent. and lessen the distribution losses by 
an equal amount. "This consideration seems to point to a 
great advantage in the three-phase distribution ; but this is 
not really the case, for in the single-phase distribution a 
three-wire system would certainly be adopted ; the corre- 
sponding three-wire three-phase system as represented in 
Fig. 3 would, it is true, compare favourably as to saving 
of copper with the single-phase three-wire system ; it 15, 
however, an impracticable method, owing to the multiplicity 
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of inter-connected circuits and the difficulty involved in the 
independent regulation of the same. The only method 
which corresponds to the three-wire single-phase, and is at 
the same time at all feasible where independent regulation 
of the various circuits is desired, is represented in Fig. 4, 
where R;, Ra and К, are series-shunt regulators. 

If, then, the lamp voltage or voltage across one leg of the 
system be made equal to the voltage between the outers and 
the neutral of the single-phase three-wire system, the total 
voltage between the outers of the latter system will clearly 
be greater than the voltage per phase in the three-phase dis- 
tribution ; in other words, since the lamp voltage 15 to be 
the same in either case, the voltage per leg must also be the 
same, which means that, provided the neutral wire in each 


FiG. 5. 


has the same cross-section, the total weight of copper for a 
given output and percentage loss will be the same for each. 
Оп .these grounds I think that the adoption of two-phase 
plant where the transmission losses are necessarily small, and 
where both power and light are supplied from the same 
circuits, is warranted. A further advantage is that it is 
possible to regulate the phases independently of each other 
in the generating station, if this be required, with the two- 
phase system, while with the three-phase system it would be 
necessary to insert regulators in the low-tension mains at the 
sub-stations (see Fig. 5). 

The effect on the one phase by the variation of load 
on the other is, as far as I have been able to ascertain, 
not materially different with a two-phase or three-phase 
generator. Roughly speaking, if x95 is the drop on a 
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non-inductive full load of a two-phase machine, and 
one phase be suddenly switched out, the voltage on the 
other phase will not alter by more than '7 of 2%, or if 
y be the drop on full load inductive current, the variation 
will be '8 of уф. 

In America a three-phase system! has been adopted of 
late with considerable success, where, to avoid all regulation 
in sub-stations and the like, the voltage of one phase alone 
is kept constant in the generating station, and the whole of 
the incandescent lights of the system are connected across 
this one phase. In such cases all incandescent lamps аге 
connected across phase I., which is kept at constant pressure 
by regulating the field of the generator. Phases ІІ. and 
III. will be used, say, for series arc lighting or for other 
purposes where a constant voltage is not an essential, while 
motors are connected across all three phases. In such a 
case the incandescent lighting may be supplied from a 
three-wire system, the neutral wire being connected to the 
middle point of the regulated phase, thus giving twice the 
lamp pressure as the working voltage between the motor 
terminals. When such a system is adopted, no attempt is 
made to obtain anything like balance of load on the three 
phases, it being claimed that any well-designed three-phase 
generator may be used up to 75 per cent. of its rated output 
as a single-phase generator, using two of the legs of the 
winding as the single phase; this means that when used as 
a single-phase generator, 30 per cent. more current may be 
taken from the loaded phase than the normal current rating 
per phase. 

It appears to me, however, that as we begin to use two 
conductors as a single phase, we destroy the essence of the 
economy of the three-phase transmission, and hence, that a 
two-phase transmission with four-core cables would be just 
as advantageous. In this case the regulation might be 
done only on the one phase, all incandescent lighting 
being supplied from this phase; or both phases might be 
independently regulated in the generating station. 

It is worthy of note that two- and three-phase motors 
and transformers, if connected to circuits of unbalanced 


: Since reading this paper, Мг. C. E. L. Brown has called my attention to 
the fact that this system was adopted by him for the old Schwyz installation, 
and later was employed by his firm at Berne and Hageneck. 
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load, will tend to equilibrate the same, that is, they will 
tend to draw more load from the unloaded and less from 
the loaded phases. For instance, if a number of motors be 
connected to a two-phase circuit supplied from a two-phase 
generator, and while a number of motors are running, one 
phase circuit be opened at the generator, the motors, while 
in reality only receiving single-phase current from that 
phase still connected to the generator, will apparently run 
as two-phasers ; that is to say, they will be self-starting and 
found to have about ‘8 of the normal voltage across the 
switched-out phase—in fact, the lightly loaded motors will 
be generating and circulating among the more heavily 
loaded motors the necessary currents in the switched-out 
phase, to enable them to work more as two-phase motors 
than as single phasers. Lastly, I wish to thank the firms of 
Messrs. Witting Brothers, Ltd. The British. Thomson- 
Houston Co., Ltd., The International Electric Co., Ltd., of 
Liege, Messrs. Brown, Boveri & Co., The British Insulated 
Wire Co., Ltd., and The National Conduit and Cable Co., 
Ltd., for their kindness in providing me with the figures 
embodied in the various tables of this paper. 


NOTE I. 


It appears to me that if ever three-phase motors are to be success- 
fully employed for tramway work in crowded cities, the solution of the 
problem will be found in the combination of two shallow conduits of 
the slot-rail type with surface contacts; by this I mean such shallow 
conduits as would avoid contact with underground gas and water 
mains, but sufficient to afford protection to a number of contact studs 
laid, let us say, every two or three feet apart, in the floor of each 
conduit. These studs would be of the simplest character possible, 
involving no mechanism whatever, with the exception, say, of every 
fortieth, which would be of the present automatic surface contact type, 
and would control the succeeding thirty-nine. ‘The automatic switches 
need not necessarily be placed under the road bed at all, but might be 
enclosed in boxes under the pavement, or several grouped together 
and erected in switch pillars and placed at intervals along the route 
where their accessibility would be a great point in favour of the 
scheme. Each car would carry two short skates of, say, 3 feet length, 
which could be easily introduced into the conduits at ‘special boxes, 
and owing to their shortness, would ride easily round curves. Such а 
system, in my opinion, promises to obviate the dangers of the surface 
contact, and the difficulty of maintaining good insulation in the 
conduit system, together with the necessity of removing gas, water, 
and other mains. 
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NOTE II. 
In Frankfurt at the present time there are from 500-600 single- 
phase motors connected to the mains, with an average of about 10 H.P. 
each. The total kilowatts output may be classified as :— 


Motors  ... i sie .. 2427 КМ. 
Motor-generators ыз кй 1930. - Су; 
Lighting ... " Ss 7. 4 164022 0; 
Street ditto Ба ЙЫ us 128 d 
In Station itself ... jus is 9I  , 
Total m Е ... 11,859 КМ. 


The variation does not exceed + 3 volts, the supply voltage being 
120, and the frequency 45. 

The lamps and motors are all connected to the same machines, 
.feeders, etc. The motor-generators for traction purposes are usually 
operated separately, i.e., from separate machines and separate feeders, 
but on Sundays the whole load, including traction load, is taken from 
the same generators, switchboard, and feeders. 


NOTE III. 
Table showing comparison of best single-phase motors and three- 
phase motors of small sizes :— 
POWER FACTOR SINGLE-PHASE. | POWER FACTOR THREE-PHASE. 


Ful. Half. Ful. Half. 
IB.H.P. .. .. 07 053 ІВ.Н.Р. .. .. 08 063 


5 » ... .. O75 06 5. 5 m .. O84 0°68 


IO , 2% e. 08 062 IO ,, n .. 0'85  o69 
20 ,, T .. O8 062 20 , Sin .. 087 0°70 
NOTE IV. 


Experiments on a three-phase generator loaded on three-phase 
motor, two phases being loaded on a non-inductive resistance as well. 
Generator and motor both Y connected; speed and excitation of 
generator kept constant. 


—— 


1 


Volts on Generator. Motor Load : Amperes. |! Nonin Ue Use | 


Phase 11. Phase III. | Phase I. Phase IL. Phasc IE! Phases 1. & II. | 


Phase I. 
МЕНЕ | AT ИС РАЈНИ | 
133 ЕТ | 130°5 о | о о о 
1276 |1265 1361 | — | — — до | 
1264 |1260 | 1370 | — | -- == 3 104 | 
| E Motor 
~~ ) loaded. 


1265 |126'5 | 1260 | о 782 782 


124°2 122'5 I30'5 282 | 318 | 15'0 91'5 ет а 


ning light. 


87'0 Motor 
7 } loaded. 


121'5 ves | 1285 | 874 
| 
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The PRESIDENT: The subject dealt with in Mr. Field’s paper is, it Th 


is needless to say, an exceedingly important one at the present juncture, 
when we are about to lay down extensive power-stations from which 
the distribution must be exceedingly large. The question of cables is 
therefore a most important one for consideration. 

Herr E. KoLBEN (Prague): I have to congratulate Mr. Field on his 
excellent contribution to the discussion on this most important question 
of the relative merits of the three-, two-, and single-phase systems. I 
must confess that I never saw such full information in regard to the 
cable question connected with alternate-current work as is given in this 
paper. The figures which Mr. Field gives in the paper are, in my 
opinion, perfectly correct, and show actually the advantage of the 
three-phase as compared with the two- or single-phase systems. I am 
the more pleased to see that Mr. Field's figures come out in this way 
as I have been advocating the three-phase system since 1892, when the 
first large three-phase plants were put into operation on the Continent ; 
and I think that this system will come out as the final system not only 
for power distribution, but also for lighting combined with motor 
supply, as is usual in large cities. A very interesting point dealt with 
by Mr. Field is the employment of three-phase motors in railway work. 
I agree perfectly with him when he says that at present the thrce-phase 
motor is not suitable for tramway work as usual in large cities; but of 
course its field is the long main railway ; and I think that for long- 
distance railways the three-phase railway motor will certainly come 
to the front. But there is no question, however, that the com- 
bined three-phase and continuous-current distribution as applied at the 
present time in large metropolitan areas, as, for instance, for the 
railways in Glasgow or London, is at present the right thing. I do not 
think that the three-phase railway motor will be suitable, for instance, 
for such an installation as the proposed system of the Metropolitan 
Railway in London. In this connection I would point out that the 
regulation of speed has a good deal to do with the question. In the 
three-phase motor, as it is started and regulated at present, a very large 
amount of energy is lost in speed regulation. In the year 1889 or 
189o, when electric tramways began to come in America, they made 
no headway until the proper speed-regulation was fixed. Until the 
series-parallel control of the motors came in, it was necessary to make 
the power-stations about 20, 30, or 40 per cent. larger than required, 
because there was a very large amount of energy lost in regulating. 
And the same is the case at present with the three-phase motor. If we 
have to regulate with resistances only, we lose a large percentage of the 
energy, and we are obliged to make the power-stations 20, 30, or even 
40 per cent. larger. The steam engine and the boiler plant will become 
so much larger, as also the engine-house, foundations, and everything. 
If you take, on the other hand, a plant with a three-phase generating 
station and converting sub-stations, the cost of the sub-station machinery 
will probably not amount to one-third of the extra cost that will have 
to be put in for the increase in size of plant owing to the regulation of 
the three-phase motor system, quite apart from the question of economy. 

For combined light and power distribution in large cities the three- 
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phase system is also the right thing, but there a bigher periodicity— 
42 to So periods—is required. 

We have, for instance, in Prague a large three-phase station where 
we have taken со periods so as to enable us to supply not only the 
power for the tramways, but also the whole incandescent and arc 
lighting for the public and private supply from one station only, and 
from one set of 'bus-bars ; in short, the whole of the necessary electrical 
energy for the city. You cannot imagine a more simple plant than 
this. There we have a set of large generators of 1,000 or 3,000 H.P. 
units, we supply the whole energy to one set of 'bus-bars, and from 
those we distribute it to the different sub-stations and feed also the 
low-tension net-work for lights and motors. The low-tension net-work 
in such a case will be best made so that the connections are directly 
taken from the three ends of the three-phase low-tension cables. 
Although Mr. Field points out quite clearly the advantage of the 
connections with four cables, including the neutral in his diagram 
Fig. 4, there is not shown the direct distribution from the three ends 
of the secondary net-work, as is now being generally used on the 
Continent. Of course a three-phase and three-wire system as shown 
in diagram Fig. 3 would be altogether too complicated. I wish also to 
point out that the tests given in Note IV. to show the variation of 
pressure іп the generator, two of the phases being on a non-inductive 
load, whilst the other phases are carrying motor load, are taken from 
too small a machine, so that they do not show actually favourable 
figures as to pressure regulation. But, according to my experience, 
it is a very small matter as to difference of pressure if one or two of 
the phases of a large generator or of a group of transformers of a larger 
size is loaded more than the other phases, even up to 30 per cent. 
difference of non-inductive load. If there is even 30 per cent. difference 
in the load between the phases, it makes a very small percentage 
difference of pressure between the phases, so that no special regulating 
devices are needed in the different circuits. 

In conclusion, I would congratulate Mr. Field on his new idea as 
embodied in Note I. in regard to a system of conduit for a three-phasc 
tramway in cities. I think that is a very good suggestion for future 
development, and should be well considered by every one connected 
with electric tramways. 

Professor H. S. CARHART (Michigan): I have only glanced over the 
paper very briefly, and I am not able to make any real contribution to it. 
It is a very interesting paper on a very interesting subject. I can only say 
that, so far as I am aware, the systems for power-transmission in the 
United States now are, I think, going to be three-phase very generally. 
That is my impression. The two-phase is too little used for me to 
form a judgment from my observation. 

With regard to frequency, it is possible for both lighting and power- 
service, it seems to me, to use a frequency below 5o. I noticed only 
two or three weeks ago at the Buffalo Exhibition, where 5,000 H.P. is 
transmitted (the frequency being 25) from Niagara to the Exhibition 
Court for lighting purposes alone, that it is scarcely possible, without 
very careful watching, to detect any variation in the luminosity of the 
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lamps; so that a little above 25 the variations would, I think, be entirely 
invisible. For arc lamps on the same system I suppose a somewhat 
higher frequency would be desirable. But of course it is well known 
that for power-service the lower frequency is best. I observe in a 
number of our cities the open arc-lamp is giving way very rapidly to 
the enclosed alternating current lamp, and it is possible to run these 
in series on a three-phase distribution. The method of transferring 
from the older system to the newer one is rather interesting too. It is 
done, in some instances at least, by using three-phase or synchronous 
motors to furnish power to run the direct high-tension generators for 
arc-lamps for the transition period. But as soon as the older lamps are 
disposed of or the system is made over, then, of course, the whole work 
and load can be put on to the mains or the transformers of the three- 
phase distribution. It israther interesting asa transitional arrangement. 

The PRESIDENT: Is that due to the introduction of the enclosed 
lamp, do you think? 

Professor CARHART : Yes, the open arc-lamp in the United States is 
disappearing. One rarely sees it now, except in old installations. So 
far as I know, all the new installations are employing enclosed arc- 
lamps, either direct-current or alternating. 

Mr. W. B. Esson : I am sure the Section is very much obliged to Mr. 
Field for his excellent paper on the relative advantages of currents of 
different phases. I think it is high time that our ideas began to get 
crystallised about these things; hitherto there has been a great 
difference of opinion regarding them, and Mr. Field's contribution to 
the literature of the subject will, I hope, go far to enable us to arrive 
at some definite conclusions. I do not think that engineers realise, 
even yet, that three-phase distribution with a neutral conductor does 
for the alternating current precisely what the three-wire system did for 
the continuous current as regards the amount of copper to be used in 
the distribution. It does no more and no less than this. To be sure, 
as Mr. Field points out, it is possible to adopt a three-wire system for 
single-phase alternating currents, and in fact this has frequently been 
done; but when, with about the same expenditure on mains, one can, 
with a three-phase system, get all the advantages which are to be 
derived from the use of polyphase currents, it is difficult to conceive 
how any one would adopt the older system of single-phase, even with a 
three- wire system. Of course here we are heavily handicapped by the 
existence of old single-phase stations. These are being changed over 
gradually to a lower frequency, and at the same time the polyphase 
system is being introduced. ‘Iwo phases are adopted because it is 
easier, having regard to the existing system of mains, to effect the 
change for two phases than.for three. But I think it is safe to assert 
that the last single-phase station has been erected in Great Britain some 
time since. There will be no more of them. "The new stations, pro- 
vided they are not influenced by already existing conditions, will either 
generate polyphase currents of three phases, or simple continuous 
currents. 

Professor SILVANUS THOMPSON: We are much indebted to Mr. 
Field for the very valuable tabulation of facts that he has given us, 
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and for the comparative outlook between the systems that he has set 
before us in this paper. But I disagree as to the suggestion which Mr. 
Esson has just made that it is now time that we crystallise our ideas. 
I hope we shall be very far from having our ideas crystallised on any 
one system or on any one set of facts. Indeed, I think that Mr. 
Field's paper will rather tell in the other direction. It has been so 
difhcult to make headway in this country against the prejudice in 
favour of the continuous-current system, that perhaps some of us 
have seemed to be prejudiced on the other hand in favour of three- 
phase work. I hope I should be the last to crystallise into a prejudice 
of that kind. For there are unquestionably cases where there is 
something to be said for two-phase and for single-phase, and particu- 
larly in such cases as those last referred to by Mr. Esson, where 
you are met with the problem of changing over from a single-phase 
high-frequency system to something more modern. I do not think 
the right thing is simply to turn it out and put in a three-phase system 
straight off. I think there are intermediate courses which may be 
adopted. And one sees what can be done in various directions. For 
example, the Metropolitan Company, which had a single-phase alter- 
nating circuit over a very large area, is changing its system ; but is not 
doing it by simply turning out the old station and putting in three- 
phase. Its engineers have begun in a very ingenious, and at the same 
time simple, manner—namely by putting in a two-phase plant at their 
generating station, and at first operating one only of the phases. Of 
course, you cannot make the large machines do such full duty under 
those circumstances; in some cases only half their coils are being 
used, but then,ias you proceed with the work of changing over, you 
are gradually able to put section after section of the system on to the 
second phase of the distribution. There are, of course, other ways in 
which the same problem may be attacked, and not the least difficult 
part in the whole thing is the circumstance that the transformers that 
are suitable for the high-frequency system that has been in vogue are 
not suitable at any rate for the same frequency, or for.a lower fre- 
quency, and ought indeed to be abandoned for such a purpose. 

I was interested in finding Mr. Field going into detail over a plan 
which many years ago I suggested of avoiding the trouble of regulating 
all three phases at once in a mixed system of lighting and power— 
namely that of putting the light on to one phase only and regulating 
that, and letting the other two phases take care of themselves. There 
is another plan that I suggested at the same time, which Mr. Field 
does not mention, and that is, putting the lighting on to two of the 
phases and regulating these two, while letting the third take care of 
itself. One may put it diagrammatically thus: You put your lighting 
on to two legs of the letter V, and allow the angle between the two legs 
to take care of itself. The motors, when they are put on to the circuit, 
will of course employ all three phases, and every motor and every 
transformer that is put across the three mains helps to equalise the 
output, and aids in the regulation of the three phases. 

I am glad also that Mr. Field points out that modern improvements 
in single-phase work have certainly made it possible to contemplate, 


1901. ] FOR LOW-TENSION NETWORKS : DISCUSSION. 168 


in some cases at any rate, a return to the use of single-phase. We have 
not here, I am sorry to note, the presence of Mr. Ferranti, who has 
been the apostle of single-phase work. In spite of all that has been 
done in polyphase work during the last ten years, I know that Mr. 
Ferranti maintains unchanged his old opinion that the time will come 
when all these complications of two, of three, of four, and of six phases 
will be abolished, and that we shall all come back to using nothing but 
an alternating single-phase current. Well, I do not agree with him as 
a matter of fact, because I think there is a great deal to be said in 
favour of the three-phase and in some cases of the two-phase system ; 
but still there is that possibility, and so we ought to keep our minds 
alive to it. The complications on the switchboard and other parts of 
three-phase work are supposed to be very dreadful. Only those who 
have worked with them practically, I suppose, know how very simple 
they may be made in a well-organised system. The difficulties of 
three-phase work from that point of view are much more imaginary 
than real. It would indeed be a pity if any discussion that took place 
here led to the idea that there was any unnecessary complication in 
three-phase work. 

Мг. W. С. Кнорез : I think that Mr. Field's paper is of the utmost 
interest, since it brings before an International meeting of engineers a 
question which is of vital importance at the present time. 

There is one point in the paper which has not hitherto been noticed, 
and I wish to make a few remarks in order to excite discussion upon it. 
The question is—Which is the best system to adopt, the stationary 
transformer and converter, the synchronous motor-generator, or the 
asynchronous motor-generator? Some consider the combination of 
stationary transformer and converter the best because its efficiency 
is necessarily higher than that of the other two, since, in the trans- 
former, there are no friction losses, and in the converter—except in 
single phase—the copper losses are less than those of a single machine, 
either generator or motor. The asynchronous motor-genérator is the 
worst system of the three for the reason that the power factor of the 
asynchronous motor necessitates a larger plant at the generation station 
than would otherwise be required. 

From a theoretical standpoint I have already stated that the com- 
binàtion of stationary transformer and rotary converter is to be 
preferred. It is for those who have had extensive experience to say 
which is the better system of the two, the combination cf stationary 
transformer and rotary converter or the synchronous motor-g... tor. 

I shall be extremely glad to hear what our Continental and American 
friends may have to say on the subject. It is a question which appeals 
to us here, because there are cases now under consideration where in 
light railways of fairly long distance the transmission of power by 
continuous currents would be too costly. 

Any additional information regarding this matter will be of great 
advantage to us all and I hope that, having drawn attention to it, 
somebody else will supplement my remarks. 

Herr О. T. BLATHY (Budapest): I wish to make some remarks оп 
the last question which has been raised—Whether we should use rotary 
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converters, synchronous motor-generators, or induction motors and 
continuous-current generators? It entirely depends upon the condi- 
tions which have to be satisfied. If accumulators are to be used in 
parallel with the continuous-current dynamos, generally, it will be found 
advantageous to use motor-generators, because the loading of the 
accumulators with a higher tension than the standard pressure at which 
they are used is somewhat more difficult with a rotary converter. 
In all cases where no accumulators are used, I think that the rotary 
converter and static transformer will have the advantage as well in the 
first cost as in the efficiency and in the capacity to carry over-loads. 
But the most suitable system to run tramways or railways from a 
central station is, in my mind, except in some very exceptional circum- 
stances, to drive motors on railways or tramways direct with polyphase 
currents. There is absolutely no diffculty with the regulation, and 
there is no unnecessary loss; and I can prove and show that even with 
the very short runs which occur in municipal railways, or even where 
the stops are every few hundred yards, the economy of the polyphase 
system of running tramways is at least equal to the continuous-current 
system, whether the continuous currents are generated direct at the 
station or not. Very great progress in this respect has been made in 
the last few months, as is open to proof on the railway which we have 
built and are about to run in Italy, and I hope that many members of 
this Congress will have an early opportunity of seeing that railway. I 
may tell you that it will be open for public service within six weeks. 
That is a railway, about 67 miles long, which has up to date been 
worked by steam. It hasa running speed of about 4o miles an hour. 
It is distinct from all other electric railways which have, so far, been 
built, because all other electric railways have been rather of the class 
of tramways and light railways. It is the first line of railway for a long 
distance which will be actuated by polyphase current. 

The PRESIDENT: Does that apply to the working of the whole 
traffic ? 

Herr BLárHv : The whole traffic, yes. The passenger traffic will 
be run at до miles an hour, and the goods traffic at 20 miles an hour. 
The experiments are going on now ; and I may speak of the economy 
of supply from the central station. The amount of energy per ton per 
mile from the central station is not more than is necessary for doing 
the same work with continuous current. 

The PRESIDENT : Is there any limitation with respect to the load of 
the trains ? 

l! rr Вратну : No: there is no limitation. 

The PRESIDENT: You take the trains as they are worked by the 
steam locomotive ? 

Herr BLATHY : At least as much. The electric locomotive of the 
same weight will draw at least the same weight as the steam loco- 
motive, and generally more, as with the electric locomotive the whole 
weight can be used for adhesive purposes. There is another circum- 
stance on which sufficient stress has perhaps not been laid. In every 
steam locomotive used the torque on the driving-wheel is a very 
variable one : it varies as between 2 and 3. Now its adhesive weight 
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must be sufficient to take the maximum. In every electric locomotive 
the torque is absolutely uniform, and the total adhesive weight is 
available for utilising the work of the motors. The electric locomotive 
will be sufficient for at least 30 or 4o per cent. more motive power than 
would a steam locomotive of equal adhesive weight. 

Another very important thing that applies to every electric railway 
із this—generally you can say that roughly the weight of the electric 
locomotive to do the same amount of work as a steam locomotive will 
be about the same—rather less: but you are spared the whole weight 
of the tender; which, оп the average, is 30 tons, i.e, about то per 
cent. of the total weight of the railway train. So that, simply by intro- 
ducing electric- instead of steam-traction, you have an economy of 
Io per cent. of the weight you have to draw ; or you can put 10 per cent. 
more useful weight on your trains than you can with a steam loco- 
motive. If you work that out for the railways of the United Kingdom 
vou will find that you would gain I do not know how many more 
millions of pounds of yearly income out of the increased useful weight 
you can carry on your railways with the same amount of work done, if 
the electric locomotive were used instead of the steam locomotive. 

There is another question which I should like to touch upon—and 

that is the question of frequency. It is generally considered and 
accepted that the standard frequency is now 50. That is a thing which 
I contest. I say the standard of frequency—I do not state more than 
a general proposition—is very steadily going down to 42, and the 
larger number of new large stations which have been erected on the 
Continent have been erected with a frequency of 42. Forty-two is 
about the lowest frequency which can be successfully used for arc 
lights. That is the reason why it was accepted more than twenty 
years ago by my own firm (Ganz & Co.), and has never been departed 
from. For incandescent lighting we have also found the same thing as 
Professor Carhart. We have found that incandescent lights can be 
very well worked with about 22 periods ; but there is a method of 
using lower periodicities for incandescent lights. If you put three 
filaments in a lamp, or (and it is the same thing) if you put three lamps 
close to one another, you can use any frequency just as low as you like, 
even with ten cycles, and you get an absolutely steady light as the 
sum of the energy transmitted by the three-phase circuit is constant. 
The energy-flow is a uniform one with the three-phase system ; and 
that is the reason why the three-phase system is so good. In the 
single-phase system the flow of energy is constantly varying between 
a maximum and zero. In the two-phase it varies between 7 and ro, 
but in the three-phase system, supposing it is uniformly loaded, the 
energy-flow is constant, and it is evident that the most economical 
system, from a philosophical point of view, must be the one in 
which that is the case; and that is one of the reasons for the 
superiority of the continuous current with its uniform flow of energy over 
the single-phase alternating system. This great advantage is shared by 
the three-phase, but not by the two- or single-phase systems. 

Then something has been said about the transforming of existing 
single-phase stations into polyphase stations. That is a change which 
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we effected in two big stations several years ago. A generating 
station, which had been a single-phase station for the previous ten years, 
was transformed into a two-phase station three or four yearsago. There 
is a reason which compels one to do that. You cannot put three-phase 
currents in an existing system of single-phase mains if they are con- 
centric, as most of the existing single-phase mains are. There are 
two conductors—one a core, the other a tube round it. You cannot use 
three of these cables in a three-phase system, as the effects of the 
capacity of the cables are so very peculiar. I cannot express it shortly 
otherwise than by saying that the potential difference between the 
cables and the earth does not know where to go to. That prohibits 
absolutely the use of three single-phase concentric conductors for three- 
phase work, and you have not any choice but to make two distinct 
two-phase circuits, and that answers very well, and makes it very easy, 
as Professor Thompson has explained, to go from single-phase to two- 
phase. But if a new plant has to be put up, I may confidently say that 
no Continental maker would think of putting in a single- or a two-phase 
plant : he would only put in a three-phase plant. 

The PRESIDENT: Can you tell us the average distance, or the 
maximum and minimum distances, of the stations on this railway ? 

Herr BLáTHY : I cannot tell you the number of stations, but they are 
about three miles apart. 

Mr. GERALD STONEY: In Note II. to the paper, there is a mention of 
the Frankfurt station, and it seems very significant that in this station, 
which has long been looked upon as the stronghold of single-phase, a 
three-phase Turbo-Alternator is being installed, which is to give 3,000 
kilowatts three-phase, or 2,600 single-phase. It is, I believe, to be 
worked as described in the paper—that is, the single-phase work is to 
be done off one phase, and the other left to take care of itself. 

There is another point which has not been touched upon in the 
paper, that is the advantage of sychronous motors in reducing the lag 
due to induction motors by exciting them so as to act as condensers. 
At Frankfurt I believe the lag used to be о? to 0:8, but by use of 
synchronous motors driving the continuous-current tramway generators 
this has been reduced to about 0:95, which has meant a much larger 
output for the alternators. The note says, “ The lamps and motors аге 
all connected to the same machines, feeders, etc. The motor-generators 
for traction purposes are usually operated separately, i.e., from separate 
machines and feeders.” I was, however, given to understand that they 
were all run together so that by over-exciting the motor-generators the 
lag might be decreased. 

Mr. W. GEIPEL : I would like to make one remark, before the dis- 
cussion closes, with reference to the variation of the lamps when put on 
one phase or on the three phases. I madeanexperiment a year or two 
ago on a rather large installation of three-phase plant where we put the 
lamps on the three phases, and we made a test by turning the whole of 
the lamps off two of the phases, leaving the other phase alone loaded, 
so far as concerns the lamps; but the motors were running, of course, 
as before. When the whole of the lamps on the two phases were 
turned off it only made a difference of 2 per cent. in the voltage of the 
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other lamps. Of course that is a condition which in lighting you would 
never рес: you would always arrange to burn your lamps considerably 
better than that. 

. With regard to the complications which Professor Thompson spoke 
of as being quite imaginary in the case of three-phase switch-boards, I 
can quite confirm what he says ; and I will point out this advantage— 
that you are dealing with three smaller switches instead of with two 
larger ones, and the manufacture of a three-phase switch-board is, in 
my experience, really somewhat easier than that of a single-phase or 
continuous-current switch-board for that very reason. 

Then I would also like to point ouf that, with a three-phase lighting 
system, you are enabled to use lower voltage lamps, while still obtaining 
the economy of the higher voltage for motors, which I consider is a 
great point in its favour. And, further than that, in comparing the 
advantage of single-phase, two-phase, and three-phase systems, I think 
we ought to take into consideration the cost of the generators. The 
cost of a ti:ree-phase generator for the same output is enormously less 
than that of a single-phase generator. 


Mr. F. BROADBENT: As Mr. Field has touched on distributing by m 


alternating currents, I should like to ask, for information, if he has the 
comparative costs of distributors for alternating and continuous currents. 
It would appear to me that, under the existing Board of Trade 
regulations, the declared pressure on an alternating system must be 
considerably lower than is allowed for continuous currents ; that is, the 
maximum impressed voltage of the alternating system must be the 
same as the steady voltage on the continuous-current system. This 
would involve larger distributors in the one case than in the other, and 
although it is perhaps not quite relevant to the subject under discussion, 
I would like to hear if Mr. Field has considered the subject from this 
point of view. 

Mr. M. B. FIELD (in reply) : Messrs. Kolben and Blathy spoke at 
some length on the subject of three-phase motors for traction work. 
The only phase of this subject which can be considered as falling 
within the scope of this paper is that of three-phase motors for tram- 
ways. This I have briefly touched upon in the paper and have given 
my views. I have purposely not touched upon heavy-traction systems, 
for if such be operated with three-phase motors, in the future the 
motors will not be fed from “ low-tension networks," but rather from 
high-tension lines. The voltage may, of course, be less than that used 
for transmission purposes from the generating station, but still the line 
or network from which such locomotives or automobile cars will be 
supplied with power will be a very different sort of network from that 
referred to in the paper throughout as a “low-tension network." I 
would like, however, to express my own indebtedness to the above- 
named gentlemen for the information they have volunteered on the 
subject of heavy railway work. Coming as it does from such authorities 
on the subject, I am sure every one here will appreciate its value. 

The next point raised was, I believe, in connection with Note IV. at 
the end of the paper; I should have mentioned that this table was 
reproduced in order to show the balancing cffect of three-phase motors 
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when connected to an unequally loaded three-phase circuit. It was not 
intended to show the variation of voltage which might be expected 
from a three-phase generator when unevenly loaded with power and 
light. The generator in question was of the inductor tvpe with a fairly 
large drop, and was therefore particularly well suited for the purpose 
of showing the balancing effect on the three phases of a three-phase 
induction motor when only one is loaded on lamps. 

Professor Carhart referred to the extensive use of the three-phase 
system in America, and stated that he thought two-phases were never 
adopted there. I think that, except in cases such as Dr. Thompson and 
Mr. Esson have mentioned, the two-phase system has no advantage of 
any moment over the three-phase system ; but it is also true that in 
many systems the three-phase would be no more advantageous than 
the two-phase. 

Where, however, Board of Trade regulations are in force, these 
considerations may be affected as explained in the paper. I was very 
glad to hear Dr. Thompson refer to the absence of complications in 
connection with modern three-phase plants, and I think that when you 
have visited the Pinkston generating station and one of our tramway 
sub-stations you will be prepared to agree that the whole arrangements 
are as simple as with any good up-to-date single-phase system of like 
nature. 

I do not fully agree with the method Dr. Thompson referred to of 
putting the lighting on two legs of a three-phase system, and letting 
the “angle of the V take care of itself." It might be wanted to increase 
the voltage represented by the length of one side of the V only, without 
affecting the other side, but this would not be feasible. 

I quite agree with Herr Bláthy's view re the desirability of motor 
generators in preference to rotaries where accumulators are to be 
charged. If rotaries be used, probably regulating boosters direct 
coupled on the D.C. side will be found to give the most practicable 
combination. I do not understand fully what Herr Bláthy means by 
saying the energy flow in a two-phase system varies between 7 and 
10. I have always considered that the power in a two-phase circuit is 
at every instant theoretically as constant as in a three-phase system 
provided the load be balanced in each case. 

Take the two-phase case. In phase A we have— 


Volts = V sin Kf, 
Current = С sin (& / — $). 


In phase B we have— 


Volts = V sin (kt + 90°), 
Current =C sin (k t + 90° — 4). 


The total power is then— 
VC (sin kt. Sin (#1—Ф) + sin (61 + 90°). Sin (61 + 90” -ө), 


which, if expanded, is found to be a constant quantity independent of 7. 
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Similarly, the torque of a perfect two-phase induction motor is 
theoretically uniform, just as is that of a three-phase induction motor. I 
admit, however, that practically these ideal conditions can be more 
nearly realised with a three-phase system than with a two-phase system. 
I do not explain to myself the superiority of the three-phase system in 
the way Herr Blathy has indicated, but rather in the way I have given in 
my paper at the commencement of the discussion on the cable system. 

Mr. Stoney referred to the use of synchronous motors for reducing 
the lag on an alternating system. I do not think as a rule it pays to 
effect this result in this way. If the motors are capable of sufficient 
over-excitation, it means they are considerably stronger motors than 
would be actually required for the work they have to do. Unless these 
motors run at exceptionally high speeds, it would be found in most 
cases better to put this extra money into the generators and prime 
movers, and make them such that the extra output can be obtained 
therefrom without resorting to over-excitation of the motors. 

Of course, over-exciting the motors has the advantage of improving 
the transmission efficiency, which under certain circumstances, and 
particularly when dealing with long lines, may render the adoption of 
the principle advantageous. 

I refer in the paper to voltage-curves taken from direct-current 
"bus-bars. These show that without any special regulation in the 
power-station the voltage on the direct-current 'bus-bars in the sub- 
stations varies up and down by about 2 per cent., with occasionally 
a total maximum of 4 per cent. variation. If it were a lighting station, 
I have no doubt that by paying close attention to the load at Pinkston 
considerably closer regulation in the sub-station could be obtained. 

Mr. Stoney further referred to my remarks on the Frankfurt station 
and seems to consider that my information is incorrect. As, however, 
my data came straight from Frankfurt, I am unable to understand where 
the discrepancy comes in. 

Lastly, in answer to Mr. Broadbent, I would add that I have not 
the figures necessary for the comparison of the price of cables for 
direct-current and alternating-current distributing systems. They are 
easily obtained from any good cable-maker. I have indicated, however, 
that one cannot lay any standard alternating system of distributing 
mains cheaper than the corresponding three-wire continuous-current 
system. 

The PRESIDENT : Mr. Field's paper, as I anticipated, has elicited an 
excellent discussion. We have not only been favoured with the views 
of a number of eminent men of our own country, but of those repre- 
senting other countries, men who have been engaged in carrying out 
important works in those countries. We are all greatly indebted to Mr. 
Field for having given us the opportunity of hearing those views, and I 
am sure you will gladly accord him a very hearty vote of thanks for his 
paper. 

The vote of thanks was carried by acclamation. 

The PRESIDENT : It is proposed to take the discussion on the two 
remaining papers together, and I call upon Mr. Hobart to read first an 
abstract of his paper. 


Mr. Ficld. 


The 
President 
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MODERN COMMUTATING DYNAMO MACHINERY, 
WITH SPECIAL REFERENCE TO THE 
COMMUTATING LIMITS. 


By H. M. Новакт, M.I.E.E. 


Of recent years the improvements in continuous-current 
dynamos that have received the greatest attention have 
generally related to some strictly radical departure from 
the straightforward type, such as to pole-face windings, to 
divided poles, to reversing lugs, and to many other interest- 
ing and often fairly effective devices. 

Although none of these have, as yet, become exten- 
sively introduced, it would be by no means correct to 
infer that for that reason they are impracticable or in any 
way inferior to the more usual types. One or other of 
them may eventually, aided by especially opportune circum- 
stances, be brought—or forced—into extensive use, and 
then, if actually an improvement, will become incorporated 
in the generally accepted type. The element of chance in 
matters of this sort has of late years made a deep impression 
upon the writer. Having taken for a very long time an 
especial interest in dynamo design, it has nevertheless not 
been practicable, for long intervals together, for him to give 
it his undivided attention, and it has been interesting, 
although rather discouraging, to find such deep-rooted con- 
servatism in this branch of an industry generally believed 
to be characterised throughout by abnormally rapid develop- 
ment. It has never to the writer seemed necessary to resort 
to the special features referred to above, since there has 
always been, and is still, ample room for improvement in 
the ordinary type ; sufficient room, he believes, very greatly 
to modify our views as to what should constitute a first- 
class dynamo. 

The writer has been led to these reflections, as already 
intimated, by the realisation that his ideal of a system ог 
dynamo machines, or rather that approach to it which it 
would at first sight seem so extremely simple and rational 
to carry out, and so highly desirable, as well from the broad 
commercial as from the technical standpoint, remains year 
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after year apparently almost as far as ever from accomplish- 
ment. In individual machines one may, by the greatest 
persistency, manage to arrange to get one or the other 
feature introduced, and occasionally such features find 
favour and become more or less widely adopted ; much 
more generally, whatever their merits, they are laid aside, 
frequently from no deeper motive than from a considera- 
tion of the commercial expediency at the moment, modified 
by a conservative tendency to retain old types as long as 
practicable. It. 15 proposed in this paper to set forth 
certain views regarding the continuous-current dynamo 
electric machine. No features of very especial novelty 
are claimed. The designs described do not depart radically 
from machines at present on the market ; but to construct a 
consistent system, embracing machines of all the various 
ratings required by a single manufacturing firm for success- 
fully entering the field, is another matter altogether from 
designing a single, excellent dynamo, and it is from this 
broad point of view that it is proposed to discuss the subject. 

The first point to be emphasised is the predominating 
influence which the normal voltage of a machine should 
have upon its proportions. Contrary to the ruling ten- 
dencies there should, in many features, be greater differ- 
ences between a 500-volt and a roo-volt machine for the 
same output and speed than between two machines of the 
same voltage and very different outputs. Of course this has 
been recognised for a long time, and one very often sees 
instances where the design is correct, considered from the 
standpoint of the rated voltage. But concerns standardising 
lines of comparatively small machines of many listed 
ratings, from very small sizes up to 100 k.w. or even higher, 
are reluctant to admit the economy of fully observing this 
principle. So comparatively recently as eight or ten years 
ago there were but very few exceptions to the custom of 
using, for a given output and speed, the same magnetic 
circuit, the same armature spider and commutator shell, 
and often even the same armature coils and the same 
commutator segments, for 500, 250, and 125 volts. In 
those days great confidence was still felt in many 
quarters in the possibilities of double, triple, etc., windings, 
both two-circuit and multiple circuit, in cross connections, 
in interpolated segments, and in other devices which work 
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out very satisfactorily in the calculating and draughting 
offices, and especially in the shop. The writers own 
opinion is that most of such windings are distinctly 
inferior. Firms have been heard of who assert that the 
results in the testing-room and after installation are in 
every respect beyond criticism. It 1s nevertheless not at 
all exceptional to learn, at a later date, of their having dis- 
carded these methods. The writer most certainly believes 
that the simplest windings are in the end by far the most 
satisfactory, and that by making suitable use of them they 
suffice for all ordinary requirements. But in those days, 
with all these special windings and connections to choose 
from, nothing was easier than to arrange that, for instance, 
the 4-pole dynamo for боо volts should have a two-circuit 
single winding, the 250-volt machine should have the same 
winding connected as a four-circuit single winding, and for 
I25 volts the dynamo could be connected up into a four- 
circuit double winding. 

As to the commutator, there then existed various rules 
' with which it was known to be very desirable to comply, 
- but these offered inconveniences, and it was sometimes 
decided to use the same commutator for all three voltages, 
carbon brushes, then more of a novelty, for 500 volts, and 
copper brushes for 250 and 125 volts. Just why it should 
have been expected that copper brushes would be much 
more practicable for these lower voltages it is not now so 
easy to imagine, but it must be remembered that the 
standard of excellence was at that date altogether different 
from the standard of to-day. A commutator which, when 
running with load, could be described as anything less than 
very hot was then decidedly the exception ; and as to spark- 
less collection of the current, machines in those days termed 
excellent would to-day never leave the manufacturer’s shop. 
The practicability of shifting the brushes in proportion to 
load was, in the case of generators, only just beginning to 
be questioned, and large machines in which overloads 
could be thrown off with impunity were not easily to be 
found. 

There is a remarkable persistency in old types, and even 
in the latest product of the foremost manufacturers of the 
present day one has no difficulty in finding numerous traces 
of these ideas. One rarely encounters low voltage machines 
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in which the commutators are anywhere nearly so liberally 
proportioned for their requirements, from the heating 
standpoint, as in machines for high voltage. On the other: 
hand, the machines for high voltage have not by far so 
liberal a factor of safety as regards insulation as have those 
of lower voltage ; and the former have, as a rule, dispropor- 
tionately greater losses in the armature windings and core 
and in the field spools, and often are rated at a higher speed 
to avoid the difficulty of having a proportionately greater 
number of armature conductors with the attendant increase 
in space due to the greater subdivision and to the higher 
insulation requirements. It would appear to be quite 
correct to permit these tendencies to a certain extent, as a 
concession to the expenses of manufacture, but certainly 
very much more regard should be shown than is now the 
case to the designing of machines with reference not only 
to the kilowatts capacity, but to the voltage and ampereage 
as well. 

There is, however, one point possessed in common by 
machines of greatly different voltages but for the same 
output and speed, namely, the mechanical energy to be 
transformed into electrical energy, or vice versé. Hence it 
would seem natural and desirable that base, stands, bearings 
and shaft should be identical for all voltages. By the 
methods now to be described this may readily and, the 
writer believes, most economically be obtained. 

Numerous tests have satisfied the writer that the magni- 
tude of the reactance voltage per commutator segment is of 
the very first importance in determining the performance of 
the machine from the commutating standpoint. It is of far 
more importance to have low reactance voltage per segment 
than to have low armature strength, as expressed in ampere- 
turns per armature pole. In fact it is nowadays the writer's 
practice—speaking broadly—to make the armature strength 
as high as practicable so long as this is consistent (and it 
generally is) with low cost of effective material, with prac- 
ticable proportions of field, armature, and commutator, and, 
above all, with obtaining minimum reactance voltage. The 
writer would be inclined, from this rough, practical stand- 
point, to estimate the harmful influence of armature 
strength upon commutation as proportional to, at most, 
the square root of the armature ampere-turns per pole. 
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Next should be pointed out, that the higher the voltage, 
the more is the least practicable thickness of the com- 
‘mutator segment apt to be the limit in determining the 
number of segments per pole-piece, and hence the number 
of armature-turns or coils per pole-piece. This considera- 
tion, together with the greater proportion of the available 
space on the armature periphery, which should, in the 500- 
volt machine, be devoted to insulation, and the greater cost 
of the labour associated with the windings and insulation, 
make it much less practicable to have so high armature 
strength in a high voltage as in a low voltage machine. 

But on the other hand, in the high voltage machine the 
commutator’s duty (because of the low amperage) 1s light. 
It requires to have devoted to it but a small portion of the 
distance between bearings, thus leaving ample room for 
employing, for high voltages, a weak armature (as expressed 
in ampere-turns per armature pole), but one occupying, 
owing to the consequently greater necessary cross-section 
of its magnetic circuit, a large proportion of the total 
distance available between bearings. 

A still more influential consideration tending toward 
a widening of the armature proper in the high voltage 
dynamo, is that the centrifugal force at the commutator 
periphery limiting the commutator circumference, and the 
thinness of the segment limiting the total number of 
segments, one should, in order to obtain a sufficiently 
large number of segments to ensure a low reactance 
voltage per segment, employ fewer poles in the high voltage 
dynamo than in that for lower voltage. And that is pre- 
cisely what one wants for other important reasons—namely 
from considerations relating to the design of the commu- 
tator—since the high voltage (low amperage) commutator 
comes short enough even with few poles, but it is only 
by means of comparatively many poles that we secure— with 
low voltage (high amperage)—machines of desirably low 
amperage value of the current per set of brushes, to permit 
of a reasonably short commutator. 

Now as to the most desirable commutator diameter, the 
writer believes that the limiting peripheral speed should be 
set very high. Especially on the large diameters occurring 
in direct-connected units there should be no difficulty, 
since for a given peripheral speed the centrifugal effects 
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are inversely as the diameter. In any case, it is purely 
a question of using a sufficiently liberal amount of 
material in the mechanical construction of the foundations, 
base, shaft, and commutator to ensure a perfectly true, 
continuous commutator surface, absolutely free from any 
vibration whatsoever. For a high voltage machine, a 
large diameter enables the reactance voltage to be main- 
tained low in virtue of the large number of segments per 
pole thereby secured (the permissible minimum thickness 
of segments being the limit). For low voltage machines 
the necessary radiating surface for transmitting the high 
current is the limit, and the greater the diameter, the less 
need be its axial length. Hence, governed by these two con- 
siderations, it is fairly logical to choose the same diameter 
of commutator for all voltages for a machine of a given 
output and speed. It is furthermore very practicable also 
to employ for all voltages the same diameter of magnetic 
yoke, of bore and of armature laminations, the variations 
with the rated voltage being limited to width of magnetic 
circuit, of armature core and. of segments, as well as to 
windings, to numbers of slots and segments, and to the 
number of poles. Ав at first stated, all essentially 
mechanical parts—base, stands, bearing and shaft, as well 
as distance between bearings—are entirely independent of 
the voltage, so that absolutely the same drawings, patterns, 
and castings are used for all voltages. Since, of the variable 
parts, magnetic frame, armature punchings, armature spider, 
commutator spider and brush-holder supporting ring, the 
diameters are the same for all voltages, it is practicable, by 
the exercise of care and ingenuity, to arrange to use the 
same drawings, and substantially the same patterns, the 
latter being arranged for special modifications for being 
extended and shortened for the different voltages. This is 
roughly indicated in the sketches of Fig. 1, in which, 
however, no claim is made to have worked out the plans 
for interchangeability in correct detail. * The sketches in 
the figure relate to a line of four machines by which it 
is proposed to illustrate the application of these principles. 

' In the sketches the brush-holder supporting rings are different for the 
three voltages. This also could have been avoided either by special pro- 
portioning of the width of the magnet yoke, or by a special brush-gear 


supporting frame fixed directly on the base, this latter plan being often 
preferable on the score of the greater rigidity thereby secured. 
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Each model is worked out for three dynamo voltages, 115, 
230, and 550. The number of poles, outputs, speeds, and 
voltages are set forth in Table I. 


TABLE I. 
Number of Poles for | Rated Output and Speed. 
— 1 ——— aim 
115 V. | 230 V. | 550 V. | K.W. R.P.M | 
БА "NEIN. Секс Bes Б-ы 
6 6 6 80 | 580 
| 

8 6 6 100 | 500 
8 6 6 125 450 | 
8 8 6 | 150 | 425 | 

| 


— eee 


In Кір. т, side and end elevations of the 100-k.w. model 
are given for each of the three voltages. In Table II. are 
set forth the leading dimensions and some other data for all 
the four machines of the series. 

It is proposed next to give, in a series of Tables, some 
further particulars of the designs. (See pp. 178-183.) 


Current Density in Armature Conductors. 


The current density in the armature conductors ranges 
from 390: amperes per square centimetre in the 8o-kilowatt 
machine, down to 360 amperes per square centimetre in 
that for 150 kilowatts. 


Insulation and “Space Factor." 


By space factor for the slot, is denoted the ratio of the 
total cross-section of copper in the slot, to the area of the 
slot, i.e., to the product of its width by its depth. In these 
machines it is very uniformly as set forth in Table VI., 
wherein are also given the corresponding guaranteed insula- 
tion tests and, for the insulating materials employed, the 
required total thickness of slot insulation from copper to 
Iron. 


* Recent experience has shown even these current densities to be rather 
too conservative in view of the ventilation provided for in these designs. 
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It will be seen that the 115-volt armatures and commu- 
tators 1 are run as high toward the heating limit as practicable, 
in order to keep the machines down to the same overall 
dimensions as for the higher voltages. 

The commutators of the 550-volt machines are cooler 
than necessary, the limit, in their case, being the permissible 
current density at the brush contacts, this being, for all 
voltages, taken at 5 amperes per square centimetre. 

A rather interesting result in connection with these 
designs, is that relating to the cost of “net effective 
material" per kilowatt. 

For the entire range of capacities (80 k.w. to 150 k.w.) 
and voltages (115 volts to 550 volts) this varies but little 
from the average value of 16:3 shillings per kilowatt, being 
(on account of the corresponding rated speed) independent 
of the rated output, and (on account of the basis of the 
design) practically independent of the voltage, the variations 
above and below the mean value of 16°3 shillings per 
kilowatt being entirely irregular, and rarely over 7 per 
cent. But the total factory cost will be less per kilowatt the 
greater the capacity, since, in large capacities, the “net 
effective material " constitutes a higher percentage of the 
total factory cost. 

The basis on which the cost of “ effective material " was 
calculated, is :— 


Pence per 
Kilogramme. 

Armature copper ... 2n a ea 124 
Field ek are TT à 24 
Commutator segments к кз a 224 
Magnet yoke and cores (cast steel and 

wrought iron) abs sia uu 45. 
Pole faces (cast iron) ... e. 30 
Armature laminations (sheet steel) .. 36 


Although for the prevailing prices it was more econo- 
mical to employ cast steel for the magnet yoke, the writer 
would prefer cast iron, as he attributes great importance to 
stability. In some countries the relative prices for these 
two materials would also make it more economical to use 
cast iron for the magnet yoke. 

t For well-ventilated high-speed armatures and for sparkless commutators, 


one may safely estimate the temperature rise, by thermometer, at not over 
0759 Cent. per watt per sq. dm. of peripheral surface. 
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Number of Poles. 


————— 
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Revolutions per Minute. 


Kilowatts Output. 


55° | | 


450 


solita 
sm | 


230 | 


|425 


150 | 425 | 230 


150 425 550 
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TABLE 
^ AG aa FN 2 "be e 2 ЯР 74.2 Af? T. — 
| | || | 
~ ||| 
| | 
| | | | | 
E e ТЕ С. D. | Е F. о. | И. | I Eme d, ww 
| | | | | 
| са] ТА ТИ | 
ће КЕ ИЕ 11 | 
| Ig | | 
| | | 
FEN ДС, a RN ммен iu ы Мк Ей үні amm 
| 1366 | 1650 1300 | 740 610) 1325 340. ITA 620 | 330 | 215 | 1350 
| Кес 
| | 73% 1650 | 1300 740 610 1325 390 | 610 imm 250 | 1350 
| 
|| Е | 1650 | 1300 | 749 610| 1325 | 420 5 РАКА |500 | | 400 1350 
MEE (ES, PAID, a —|-— | 4l — 
1585 | 1900 | 1500 , 900 то 1450 379 730 | 710 epe 1470 
| 1585 | 1900 | 1500 | 900 |710| 1450 | 420 680 | 710 | |479 260} 1 
| | 
1585 | | 1500 | ООО [no мео 1450 ма Н д 420 1470 
1813 | 2210 | 1740 | 1070 | 790 | 1650 |395 875 | 720 370 200 1660 
1813 2210 | 1740 | 1070 790 | 1650 485 825 720| 460.300 1660 
| 
1813 | 2210 | 1740 | 1070 790 | 1650 | 485 785 |720 | sso 435 1660 
| 
------------- 
2114 | 2470 | 2030 1200 0 1735 |390 940 |770 | 359 275| 1740 
| | 
2114 | 2470 | 2030 | 1200 840 1735' | 450 | оин 1740 
2114 2470 d 1200 |840| 1735 |500 830 770 | 580 | 330 | 1740' 


———— 
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TABLE III. 


Armature Ampere-Turns per Pole. 


Voltage. | 
| 80 КУ 100 K.W. 125 K. W. 150 K.W. 
нана | 
II5 4640 5550 | 5700 7300 
230 3710 5220 | 5880 5800 
550 2050 2880 | 4000 5100 
[ | 
TABLE IV. 
Reactance Voltage per Segment. 
Voltage. 
бо K.W. 100 K.W 125 K.W. 150 K.W 
а а DECEM и ааа 
115 | 179 2] | 2'1 27 
| 
230 | 2'0 2'5 | 2'5 2'8 
550 I'8 274 | 274 27 
| 


ТАВГЕ У. 


| Average Voltage рег Commutator Segment. 


Voltage. | | 
, 80 К.М. | 100 K.W. 125 K.W 150 K.W. 
| | 
БЕН | | 
"a Т к ~ | 
| 
230 36 3? | | 
| 
| 
59, 6'5 | > S j | 
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TABLE VI. 


INSULATION AND “ Space Factor.” 


Guaranteed Insulation Test | Thickness of Insu- 


; “ брасе 
Voltage. from Copper to Iron at  |lation from Copper " 
20? C. for One Minute. to Iron. Factor. 
115 2500 R.M.S. Volts. 1:2 mm. '53 
239 3000 › » 173 mm. 41 
550 3500 9 » 75 mm '32 


The mica insulation between commutator segments is "76 milli- 
metre thick. 


TABLE VII. 


а уты ——— ——- 
| 


| Centrifugal Force at the 


| Peripheral Speed in aet. 
" di Periphery in Kilogrammes 
Kilo w at 77 peak ot | Metres per Sec. | рег Kilogramme. 
Gap | | 
Output. (in mm.) | | 
| Armature. |Commutator. Armature. |Commutator. 
| 
80 бо | 225 18:5 139 IIS 
100 6°5 23'5 186 | 126 100 
| 
125 65 | 255 186 | 122 9o 
150 770 | 26:8 18 © 121 85 


* ]f D — diameter in centimetres 
п = revolutions per minute ; 
Centrifugal force = 0:00000559 Dn? kilogrammes per kilogramme. 
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TABLE VIII. 
ARMATURE LOSSES IN KILOWATTS AT 60° CENTIGRADE. 
| 80 K.W. | 100 K.W. 125 K.W. 150 K.W. | 
Vol- |! 
tage. | | | | | a SE қайы 
Core.| CPR Total. Core., C?R pu Core. C?R Total.| Core. C?R | Total. 
о 78 | 251 431 173 ea 25| 53, 78| 3°4| 69 193: 
| 
ЖЕ ЖЕ Же же Ра ке же а тон дк ө Ж 
E 20| 23 43| 21 T 57 | 34| 59 841 39 ери“ 
| | | 
ви јен ли RR RR LR RA 
550, 33 Um 48 | 36. zr 57 9 45. 84| 43. 041957 
| | | | | 
TABLE IX. 
CoMMUTATOR LossEs IN KILOWATTS AT 60? CENTIGRADE.' 
| ПА CR MEE CCP ин ыш 
: | 80 K.W. | 100 K.W. | 125 K. W. | 150 K.W. | 
% | | | | 
5 Егіс. | || Ба | | F | | 
^ | tion, | СЕ |Тоќаі. Cie" | C*R [Total tion | C'R |Total. 1 tion, | ŒR Total. 
кезе хе рі Ри per IO ee 
115 Гб 14 3°0 | 2'1] 1'7] 381 25 22 47:28 z8! 56 
TS ЖЕП E NT EET EE MEME МАК КЕ ш 
| | | | | | | 
230: 08/07) 15) ro] ogi rg! r2! r1, 23, 14) 13 277, 
MR ДИК ME M КӨ E: ЭО. Lu EM 
| | | | | | | | | | 
550, оғ өз! o*6 Mir O'4 0%. о5 об го 06| 06, r2 
Мен de жеп xd. di MEE. 
TABLE X. 
FIELD COPPER LOSSES АТ 60° CENTIGRADE. 
Voltage | 80 K.W roo K.W. E 125 K.W. 54 зен. 150 K.W. | 
|! 
| | 
115 =; 860 1140 1400 | 1650 
| | 
230 | 840 1000 1350 | 1650 | 
| | 
550 | 1030 1240 1450 1640 | 


* The commutator losses are figured on a brush resistance of 0:2 ohms per 
square cm., a brush pressure of o'i kg. per square cm.,. and опа friction 


coefficient of 073. 
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TABLE XI. 


TOTAL LOSSES АТ 60° CENTIGRADE IN KILOWATTS. 


80 K.W. 100 K.W. [25 K.W. 150 K.W. 


Vo 
tag фана. C dX 
Const.| Var. |Total.|| Const.) Var. | Total. | Const.| Var. | Total. | Const. | Var. Total. | 
ТІҢ! 54°) 2'91-9:3]:6:60 |] л пр | КА ИЛ А тот! 97! 19% 
230|| 48 | 3'0| 7'8| 5'6 | 4 5| то'1 | 78 | 6'1 | 13/9 9'2 | 8'2 | 17'4 
55 5'8 О) ОО | 251 ofa. 7*|$6|i27 9:8 | 68 15'6 
TABLE XII. 


COMMERCIAL EFFICIENCIES AT 60° CENTIGRADE. 


150 КЛУ. 


80 K.W. 100 K. W. 125 K.W. 
Volt- 
age. 


F.L|3L. | 4L. | F.L.| 2L. | 4L. кл. at | at | 
| 


ne | | == | OS SS —_-_-____- 


115 | 89'5 | 887 | 862 || 89:5 | 89'0 | 87'1 Кене 
230 | 91'1 |9072 | 877 | 907 | со?2 881 


550 | 91°3 |898 |8651 91'5 до”? 872 


88:5 | 87:7 | 85'6 


900 | 8072 |870 |805 | 8y‘0 | 87'0 


905 | 89'7 | 87'6 


оо |898 875: 


TABLE XIII. 
THERMAL CONSTANTS FOR ALL FouR MACHINES. 


Watts per Square Decimetre Peripheral (Cylindrical) Radiating Surface at 
60° Centigrade. 


Voltage. Armature. Commutator. Field Spools. 
115 (About) 55 57 IO 
230 » 50 40 10 


550 » 40 28 IO 


184 HOBART: MODERN COMMUTATING (Congress, 


The writer believes that—while not remarkably low— 
the cost of 16°3 shillings, when figured on this basis, per 
kilowatt of “net effective material" is, for designs for 
these ratings, speeds and voltages, excellent for high-grade 
machines with liberal over-load capacity. The writer would 
have liked to give comparative figures of this sort for 
mac''nes of various firms when based strictly оп the same 


circumference. 
Ó 


® 


Derived) from for 
NE re’ 


с.9.5.0/лез peraimpere burn per centimetre of 


Mean diameter in centimetres. 


FIG. 2. 


guarantees. It would be of great interest to know what 
others have accomplished in this respect. 

From 200 k.w. upwards there has been, for the last two 
or three years, practically no demand for continuous-current 
machines of lest than 200 rated volts. Hence at present 115- 
volt machines for outputs above 200 k.w. may be regarded 
as special, and the principles set forth need, in these larger 
sizes, only be considered as applying to machines for 230 
volts and 550 volts. It is, however, not unlikely that with 
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the increasing demand for electric energy for the various 
electro-chemical and electro-metallurgical processes, lower 
voltage continuous-current machines of large capacities will 
again be required. But in all probability the great variety 
of voltages employed would necessitate their generally being 
special machines. 


Considerable emphasis has been laid upon the impor- 
tance of low reactance voltage. This quantity not being 


c.9.s. Lines per ampere turn per centimetre 
of circumference. 


Axial Length «and radial depth» of cross m" 


section winding, -in centimetres. 


FIG. 3. 


conveniently measurable under the precise conditions in 
which it affects the commutation, each designer estimates 
it on the basis of whichever method his experience has led 
him to consider least unreliable. The writer proposes to 
describe the method which he prefers for this purpose. 
Professor Perry gives the following approximate formula 
for the inductance L in centimetres! of a cylindrical spool 
of N turns free in air, whose width w, mean radius r, and 
height of winding h (expressed in centimetres), are of such 


dimensions that T and : are very small :— 
N? r2 
ПО —À—— 
"0184 r + *031 h + '035 w 


* To reduce centimetres to henrys, multiply by 10-?. 
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Solving this for a coil of a cross-section of one square 
centimetre for various diameters, we derive the curve given 
in Fig. 2. 

The curves of Fig. 3 give the corresponding values for 
square cross-sections of coil for diameters of 50, 100, and 
200 centimetres. 

A few experiments have been made with a view to 
ascertaining how far the values given by these curves— 
in which the results are given in terms of the flux per 
centimetre of length of coil:—may, for rough practical 
purposes, be used for other than circular coils. Five coils 
were prepared, of the shapes and dimensions shown in 


Fig. 4. 


/9 сула. 
49 ema. 
48 cma. дё 
hat hat w=/ 
È was : Wa/ Е 
9 9 
9 Turns 3 sTurns 22 
u 
Е 
IV 
FIG. 4. 


The inductance of these was measured on а 50-cycle 
circuit supplied from a uni-slot alternator. It was after- 
wards found in another set of inductance tests, that this 
alternator gave results 23 per cent. higher than when the 
circuit was supplied by an alternator giving a more ordinary 
wave-form. The particular machine giving the lower 
results with which comparison was made had three slots 
per pole. Besides the values observed on the circuit of the 
uni-slot machine, there are given in Table XIV., where the 
results of the tests are set forth, also a set of values cor- 
rected by 15 per cent. for the purpose of arriving at more 
representative results. 


: А linkage of 10—! c.g.s. lines corresponds to an inductance of I centi- 
metre, or of 10-9 henrys. 
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TABLE ХІУ. 


о OO — — — T — ~ 


| | ^ Value 15% lower ' 
‘Diameter o observed injvalue to cor-: 


circular coil]. ., uni-slotalter-'respond more: 
| . |circular coil po 


| 

| 

| : Value for 
| (cin) iof same peri-ip om Fig 3 nator with | nearly to 
| 


Mean length 


phery. abnormal javerage wave 
wave shape.| shapes. 


I. 177 , 56 73 | Го 87 
II. 105 33 "65 I'O '87 
III. 147 | 47 "70 I'I 95 
ІУ 180 | 60 775 | I'2 | 1:05 
1:2 | 1705 
| 


This shows the experimental values, although higher, to 
be not altogether different from those which one obtains 
by this rather free use of the formula :— 


= Ма уз 
"01847 + '031 h + '035 w 


Only the tests on these five coils were available, and, 
partly on account of the meagreness of these data, but more 
because the results thereby obtained correspond better with 
the final average results in practice, the writer has preferred 
to work from the basis of the formula, as arranged in 
the curves of Fig. 3. Further- 
more, in this matter of the reac- 
tance voltage, it is the relative 
values for different machines 
which possess the chief im- 
portance. Justification for this 
course will be more evident 
later. 

The customary shape of the 
coil of a continuous-current 
dynamo is as follows :— 
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and the portions lying outside of the slots will be treated as 
having values for the inductance per centimetre of length of 
some such amounts as are given by the curves of Fig. 3. 

It must, however, be observed that several coils are 
simultaneously short-circuited under the brushes, and hence 
the turns making up the short-circuited group are consider- 
ably spread out. As three to five segments are generally at 
the same time under the brush, two to four coils per brush 
come into consideration. Hence the complete coil on 
which we must reckon is much as shown in Fig. 6, 


Fic. 6. 


i.e., rather spread out. A representative cross-section may, 
for a rough basis, be taken as having (considering the 
equivalent circular loop) an axial length of one centimetre 
and a radial depth of two centimetres, and we might take 
from 40 to 80 cms. as the customary range of diameters. It 
will be seen from the curve that, on this basis, there will be 
about °7 c.g.s. lines per ampere-turn per centimetre of length 
for the free part of the coil. 

For the portion lying embedded in the slots, various 
observations lead to a representative value of about four 
lines per centimetre of effective length. 

But one important difference between the exposed end 
connections and the embedded portion must be pointed 
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out, namely: In the embedded portion, or more exactly, 
that portion of the face conductors parallel to the shaft, the 
conductors short-circuited under the positive brush lie over 
or near (according to the nature of the winding, and also 
according to whether the pitch is so chosen as to yield a 
short or long-chord winding) those simultaneously short- 
circuited at the negative brush, whereas the two groups of 
corresponding end-connections are located entirely separately 
thus :— 


FIG. 7. 


Hence the magneto-motive force, acting in the short- 
circuited coil, is twice as intense for the effective length as 
for the end-connections. 

It has seemed best to designate by “ embedded lengths” 
and “free lengths" respectively, the slot-enclosed portion 
and the end-connections, including with the latter that por- 
tion of the conductors parallel to the shaft, not strictly iron- 
clad—i.e., that portion corresponding to the ventilating 
ducts and the insulation between the laminations. In the 
writer's design this makes a marked difference, the “ effective 
lengths of laminations” often constituting less than 70 per 
cent. of the length of armature core over all. 

In this free portion, where the conductors are parallel 
to the shaft, the magneto-motive force is also twice as 
intense per centimetre of tength as for the end-connections. 
But rather than complicate the necessarily only approxi- 
mate calculations, it is preferable to take a slightly higher 
value, namely— 


"8 c.g.s. lines per centimetre of “ free length." 


This, together with the approximate value of 4 c.g.s. lines 
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per centimetre of embedded length, suffices to yield reliable 
approximate relative estimations of the total flux. 

It is desirable here to illustrate the method of applying 
these constants. 

Take a case where three turns are short-circuited under 
the positive, and three under the negative brush :— 


The mean length of one turn x i .. 100 cms. 
The effective length of arm laminations ... uu РО: 
“Free length” per turn ... a eos .. 80 ,, 
“Embedded length " per turn ... T de 220: 5 
Lines per ampere-turn for “free length" =°8 x 80 = 64 
Ditto “embedded length" — ... e. 24 X 20-2 80 
Lines per ampere for “free length” .. = 3 х 64 = 192 
Ditto * embedded length " ben .. = 6 x 80 = 480 
Total lines linked with short-circuit turn ... ... = 672 


The inductance of one turn, in henrys, with relation to 
all the turns simultaneously short-circuited 


= 672 x 10-5 = ‘00000672 henrys. 


If the periodicity of reversal (twice the reciprocal of the 
time, in seconds, during which a given turn is short- 
circuited under the brush) equals 500, then the reactance 
equals 

2T X 500 x "00000672 = 70212 ohms ; 
and if 100 amperes is the current to be reversed per set of 
brushes, then the reactance voltage per segment equals 


тоо X "40212 =? 12 volts. 
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The writer believes that here, for the first time, attention 
is called to two very interesting facts :— 

I. That in the majority of modern machines, the induc- 
tance of the * free length " is a very considerable percentage, 
say 25 per cent. to 40 per cent., of the total inductance. 

2. That, with the ordinary open slots with parallel sides 
of the proportions generally found in modern continuous- 
current generators, the inductance per centimetre of “em- 
bedded length” is generally only some four to six times 
greater than the inductance per centimetre of “ free length.” 

These two considerations lead to another of still greater 
interest and importance, namely, that the inductance of a 
coil laid upon the surface of the armature—i.e., on the lines 
formerly so frequently employed, and sometimes now-a-days 
termed “smooth core” construction—is, with customary 
proportions, rarely much less that one-third and often 
one-half or more as great as in the case of the same coil 
laid in a slot. This is readily seen from the case already 
illustrated ; thus had the entire 100 cms. of mean length of 
one turn been “ free length,” the flux would have been— 


"8 x 80 x 3 4:8 x 20 x 6 = 192 + 96 = 288, 


about 43 per cent. of the value (672) obtained when 20 per 
cent. of the winding was embedded. 

Of course in the old-fashioned types with but two, or at 
most but very few poles, the armature was very long and 
the end-connections but a relatively very small percentage 
of the mean length of aturn; but in most of the modern 
machines, such as the latest multipolar generators built by 
Mather & Platt, Westinghouse, General Electric Company, 
Schuckert, and many others, the general tendency is toward 
narrow armatures of large diameters, and the proportions of 
end-connections will be found to be not widely dissimilar 
from those represented by the case taken. 

In connection with. some investigations which Mr. 
Parshall and the writer are making in the subject of 
" Alternating-Current Design,” some tests were made for 
the purpose of arriving at rough practical constants for 
determining the decrease in the inductance, accomplished 
by the subdivision of a given number of turns in many 
slots. Some of the results for the position of minimum 
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inductance have considerable bearing upon this question of 
the reactance voltage in commutating dynamos, and hence 
it is proposed briefly to explain sufficient portions of the 
investigation to enable these results to be described. 

Five sets of punchings were prepared, of the same 
external size, but with different numbers of slots, namely 
with 2, 4, 6, 8 and 12 slots, this corresponding to I, 2, 3, 4 
and 6 slots per pole-piece. The slots were so proportioned 
that the ratio of width to depth was the same for all five 
models. 

The punchings were cut from annealed transformer iron 
about 0°38 mm. thick and built up to a depth of 63° mm. 
Each lamination was japanned on one side only, and the 
japanning may be taken as corresponding to some ro per 
cent. of the total depth. The laminations were held 
together by end plates of manganese steel 64 mm. thick, 
bolted together by means of insulated brass bolts. The 
coils were wound on formers, taped up and forced into the 
slots. The wire ysed was No. 14 S.W.G. (204 mm. bare 
diameter) and 144 turns were wound on each set, the total 
turns being evenly distributed among the slots. Photographs 
of the five sets are shown in Figs. 9, 10, 11, 12 and 13. 

The data contained in Table XV. relates to these five 
models. 


TABLE XV. 


Nube А be Measured | Corres. 
Size of Slot | e" : "e "| Turns per | Total | Resistance mean length 


imm. | Ph. | cof, | Сой. | Tums. (ohms а of Turns 
36°8 х 24'2 2 I 144 144 "33 
26:22 Х 17'2 4 2 72 144 41 
274Х 14'0 6 3 48 144 "29 
18'4Х 12'1 8 4 36 144 '31 
15'0Х 9'9| 12 6 24 144 "21 


While fundamental quantitative results were not the 
purpose of these tests, the models being so small, it may 


“ 
la 
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FIG. 12. 
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be pointed out that the approximate equivalent diameter is 
I3 cms. and the approximate equivalent cross-section of 
coil for the first model is about 3 cms. square. For such 
dimensions, Professor Perry’s formula would not apply. 
One would, however, infer from the shape of the curves of 
Figs. 2 and 3 that there would be, probably, not over o'3 
c.g.s. lines per centimetre of free length for the uni-slot 
model, and still less for the other models, hence the 
magneto-motive force of the “free length” would not 
affect the results by more than some ro to 20 per cent. 
at the most. 

In the curves of Fig. 14 are given the results obtained 


о / e 3 4 
Number of coils per set. 


Reactance in ohms at 1oocyctes. 


FIG. 14. 


for these models when measured without any pole-pieces, 
which corresponds closely to the condition of minimum 
inductance, Ze, the condition in coils at the instant of 
commutation under the brushes. It is interesting to 
observe that, for the six-coil model, the reactance is still 
45 per cent. of the uni-coil model, and when it is pointed 
out that these two models represent very extreme cases, 
one will be inclined to admit that, with the very much 
smaller variations in. shape and numbers of slots en- 
countered in practice in continuous-current machines, the 
value of the inductance as expressed in flux per ampere- 
turn per centimetre of length will not be greatly different 
throughout the range of proportions common in the modern 
projection type of continuous-current dynamo. 
Vor. 81. 13 


194 HOBART: MODERN COMMUTATING [ Congress, 


In fact, while the two cases sketched in Fig. 15 represent 
diagrammatically the cases of models 1 and 5, the most 
extreme cases which would be met with in practice in 
continuous-current dynamos—as rlates to coils simul- 
taneously commutated—would not vary from one another 
so much as the two depicted in Fig. 16. 

The writer has gone into this matter at such length, 
because it has considerable bearing upon his contention 


^ that one is justified, without much regard to the slot pro- 


portions or the numbers of slots, in taking a representative 
value as he has done, say four lines per ampere-turn per 
centimetre of embedded length, in instituting comparisons 
of the reactance voltage of various machines. 

If one analyses the results of the curve of the Fig. 14, 
changing the values into c.g.s. lines per centimetre of 


Fic. 16. 


SS 
A 
| 
Ж 
= 


embedded length and neglecting the free length, one 
obtains the results given in the curve of Fig. 17. Treating 
the entire 6'3 centimetres between flanges as magnetic iron, 
i.c., neglecting the 10 per cent. of insulation between plates, 
tends to offset the error involved in failing to assign a 
portion of the total lines to the influence of the “free 
length.” But, as already stated, the models are too small 
to serve suitably for a basis for obtaining useful funda- 
mental constants of this sort, being intended for ascertaining 
the approximate percentage decrease in the reactance secured 
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by distributing a winding of a given number of turns, in 
many slots. 
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For the purpose of studying the extent of the influence 
of the shape of the slot, the writer had built a series of 
models of the dimensions and with the windings shown in 


Fig. 18. The inductance tests made upon these five models 
give the results set forth in Table XVI. 
TABLE XVI. 
| A. B С. 
 _ |_.| 4 EN Жу 
28 | 58 | 2 n gu kee .| EDS 
SESE © aga Бок 
= B £ A РСА 495Е 
ы | БЕ |25 | = | £88 |3555:%) 285% 
= |Е5 | 45 | Е | 587 лер "Eig 
I. — —- — ! 'ооо28о '000243 169 | 
| 
II. 20 15 | -E33 |“ '000365 '000317 220 
III. 15 20 "5| '000400 '000347 . 242 
IV. | шо 43 '23 | '000495 '000430 | 299 
| V. 5 6c "084 | ‘000805 ‘000700 485 


| 
| 
| 
| 
| 
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In Fig. 19, the inductance of Model I., corresponding to 
the case of a smooth-core winding, is taken as г'о, and the 
relative values for the other models are plotted in terms of 
the ratio of the width to the depth of the slot. From the 
curve it is seen that considerable changes in the slot pro- 
portions are necessary even slightly to affect the inductance 
of the winding. Furthermore, since in these models the 
* embedded length" has the high value of 45 per cent. of 
the total length per turn, the shape of the slot would, in 
actual machines, be even less influential, since in them 
the “embedded length " rarely exceeds 30 per cent. of the 
total length, and the inductance of the remaining 70 per 
cent. constituting the “free length” is, of course, nearly 
independent of the shape of the slot. 

If for the models of Fig. 18 we estimate the inductance 
of the “free length " at о8 lines per centimetre, then for the 
* embedded length," working from column C of Table XVI., 
the results set forth in Table XVII. are obtained for the 
inductance per centimetre of “embedded length." 


TABLE XVII. 
i = жа каша 
ME 
II 2:8 
III. 32 
IV. | 42 
V 7'5 


It must not be forgotten, in considering these results, 
that very extreme cases were examined. 

Then tests were made with a coil, whose height equalled 
the whole depth of the slot, of which the inductance was 
measured, first with the coil at the bottom of the slot, and 
then in positions successively higher and higher, until 
finally the coil was entirely removed from the armature. 
The results are shown in the curve of Fig. 20. 
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Distance in millimetres from 
bottom of slot bo bottom of coit. 


FIG. 20. 


We may analyse this case as follows :— 


Lines per ampere for 


* free length " = 170x'8x6-2 815 
Lines per ampere for | 

“embedded length" =. 64 x 4 x 6 = 1,540 
Total flux (C.G.S. lines) = 2,355 


Estimated inductance 

2355 x 6x 109. ... = ‘00014 henrys 
Observed inductance with a coil 

40 mm. X 1o mm. in one slot 

with abnormal  wave-form 


supplied us -—'00022 , 
Corrected 15 per cent. for more 
normal wave-form  ... ... 79700019 — , 


Had the coil been rather spread out, say part in one slot 
and part in the adjoining slot—this representing a more 
average practical condition—this 36 per cent. excess of the 
corrected observed result over the estimated result, would 
have been decreased. 
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In the preceding test, the * embedded length " was only 
27 per cent. of the mean length per turn. This tended to 


FIG 21 


obscure the influence of the depth іп the slot of the “ em- 
bedded length." Another test was made upon a 5-turn coil! 
of which the 


Mean length of turn = 105" cms. 
“Free length" per turn... = 56° cms. 
“Embedded length” per turn = 49° cms. 


The “embedded length” thus constituting the high pro- 
portion of 47 per cent. of the mean length per turn. 


1 


Im In hen 


. Distance in mittimetres from bottom of stot to bottom of coil. 
FIG. 22. | 
™ It is to be observed that the height of this coil equalled only half of the 


depth of the slot, while in the preceding case the height of the coil equalled 
the whole depth of the slot. 
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Measurements were made in four positions of the coil :— 


I. Coil at the very bottom of the slots. 
2. Top of coil just level with top of slot. 
3. Bottom » » » 

4. Coil free in air. 


The coil was 20 mm. high x xo mm. wide. 
The slot was 41 mm. high x 1o mm. wide. 
The three first positions are shown in Fig. 21 and the 
results are given in the curve of Fig. 22. 


b 


EFFECT OF END-CONNECTIONS. 


Tests with coils with different lengths of end-connections 
were then made on the three 5-turn coils shown in Fig. 22. 


19 ста. 
19 CM3. 
/9 стз. 
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3 5 ~ 


FIG. 23. 


For all three cases the “embedded length” was 49 cms, 
The coils were all of a section of 10 mm. wide by 20 mm. 
deep, and were measured in slots 10 mm. wide by 41 mm. 
deep. Three sets of measurements were made with the 
coils respectively at the bottom, at the top, and directly 
above the slots. The results are given in Table XVIII. 
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TABLE XVIII. 


| , = = | р | ; 
| iz = | im Eo Inductance, with Uni-slot Alternator, in 
E 9 2 © һепгуз. 
Seeks. КОК = 
ПРОБНЕ ЕЈ и 
Єй |с |5 32 
ФЕ|Е5 |Б 20 | _ | Bottom of 
| z| БЕ | 2 Е|55Е Coil at Top of Coil | Coil level 
үр o | 7 E о | so bottom of level with with top of 
= Ф Е о Slots. top of Slot. Slot. 
3|g le ја |3 
КАЗ 5 5 e 
pue qi 
А 105, 56 | 49 '47 '000120 '000070 :000041 


147 | 98 49 |'33 | '000124 | '000079 | '000054 


49 |26 | “000142 '000093 ‘000068 


These results are plotted in three of the curves of Fig. 24. 
The fourth curve is interpolated for the case of a coil lying 
half-way between top and bottom of the slot, but even this 
would not be the practical equivalent of an actual armature 
winding, since then, considering coils short-circuited at 
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FIG. 24. 


both the positive and negative brushes, the group of con- 
ductors concerned, occupies the whole depth of the slot, 
and generally two neighbouring slots are concerned. For 
these reasons as well as because the measurements were 
made on the circuit of the uni-slot alternator, the results are 
considerably too high. 

It will nevertheless be of interest to analyse the case 
equivalent to this fourth curve :— 
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I. When the 49 centimetres of “embedded 
constitute 20 per cent. of the length per turn :— 


Lines set up by 196 cms. 


of “free length” ... = 196 x ‘8x 5 = 
Lines set up by 49 cms. of 
“embedded length" = 49x 4x5= 


(Congress, 


length” 


784 


980 


Total c.g.s. lines linked with coil — 1,764 


Inductance for sine form of 


» 


wave = 1,764 X 5 x 10 9... = 000088 henrys. 
Inductance from observations 

shown in Fig. 24  ... .. = '000138 
Ditto corrected 15 per cent. 

for wave form . ... ... == 7000120 


» 


leaving 36 рег cent. to be accounted for by the less height 
of the coil, and by its not being spread out as it would be 


in an actual machine. 


2. When the 49 cms. of * embedded length” constitute 


50 per cent. of the length per turn :— 


Lines set up by 49 cms. 


of “free length" ... =49 х :8 х5 = 
Lines set up by 49 cms. 
of “embedded length" =49 x 4x 5= 


196 


980 


Total lines linked with coil = 1,176 


Inductance for sine form of 


wave = 1,176 x 5 x 10 8... = ‘000059 henrys. 
Inductance from observations 

shown in Fig. 24 = "4000002 » 
Ditto corrected for wave TE = ‘000080  ,, 


leaving, as before, 36 per cent. to be accounted for by the 
other respects in which it differs from the conditions of 


practice. 


It might at first sight be objected to the method 
employed by the writer for estimating the reactance voltage 
that it takes liberties with the general ideas of magneto- 
motive force in so considering the magneto-motive force 
per unit of length of coil, instead of considering merely 
ampere-turns. The observations already described dispel 
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this objection fairly effectively. The following test still 
further justifies the method pursued :— 

A coil was successively widened out to span more and 
more armature slots of a given core, and corresponding 
measurements of the inductance were made. The results 
shown in the curve of Fig. 25 show comparatively little 
variation until the coil became extremely narrow. 

A similar test was made on the same coil when entirely 
free in air. It was successively narrowed up from an 
original width of 70 cms. down to a final width of only 
20 centimetres. The value of the inductance in the final 


:O002 


“ООО/ 


Inductance іп henrys. 


O 3C ФО 
Number of stots included between sides 
of coit. 

FIG. 25. 


form is still 80 per cent. as great (expressed in c.g.s. lines 
per ampere-turn per centimetre of mean length of turn) as 
for the 3°5 times greater width of the coil in its original 
form. The results are plotted in the curve of Fig. 26. 
It may be thought that the results of this collection of 
inductance tests point to the advisability of using through- 
out some то per cent. to 20 per cent. higher constants in 
estimating the reactance voltage. The writer would not be 
inclined to share this opinion. However, he attributes but 
little importance to any other than the relative values. If 
more satisfactory tests were at his disposal, pointing con- 
clusively to higher values, corresponding to the actual 
conditions of practice, it would in no way affect his con- 
clusions as to the relative merits of various machines, and 
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he would merely scale up the numerical values of the 
reactance voltage and for the limiting safe values by 
то per cent., 20 per cent., or whatever still higher increase 
seemed justified, throughout the list. As to. the relative 
influence of the “embedded” and “free length," the tests 
seem very conclusively to indicate the correctness of the 
ratio which the writer employs. Further data for revising 
the constants employed would be very welcome, since the 
writer fully realises the meagreness and lack of definiteness 
of the data here set forth. But the tests appear qualitatively 
to bear out very strikingly indeed the ideas underlying the 


с.б. Lines per ampere Curn per centimetre 


70 80 30 40 60 60 70 
Distance, in centimetres, between parallel sides of соћ. 
Fic. 26. 


method set forth, and the writer is of the opinion that 
where they conflict quantitatively it is due to the unavoid- 
ably rough character of factory tests, made, as they are, 
under conditions only permitting of taking a minimum 
number of measurements, and these with workshop instru- 
ments at moments when the exigencies of regular com- 
mercial testing permit. It was absolutely out of the 
question for the writer to give the tests any personal 
supervision further than to indicate in the first place the 
nature of the tests he required.: 

' This method of estimating the reactance voltage is based upon sub- 


stantially the same principles as the method published two years ago by 
Mr. H. F. Parshall and the present writer. The novelty in the method, as 


i 
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The *two-circuit "- or *series"- ог “wave "-winding is 
not so readily analysed in this way. The writer prefers to 
make the calculation precisely as if it were a “ multiple- 
circuit" winding ; that is, ignoring the actual sequential 
connections of the face conductors, he treats the case just 
as if the connections were those described above, remem- 
bering, however, to derive the reactance voltage from the 
larger current which, in such windings, flows in each con- 
ductor. Furthermore, the writer's experience with these 
windings has been that it is desirable to keep within rather 
lower limits for the reactance voltage per segment. This is 
still more the case for “ multiple "-windings (i.e., “double "- 
“triple "-, etc.), including those of the multiple-circuit type, 
but more especially for the two-circuit multiple windings. 
In multiple-circuit multiple windings one must also re- 
member that the frequency of commutation and the 
number of turns simultaneously short-circuited under the 
brushes have to be determined by remembering that for, 
say, a double winding, the intermediate commutator seg- 
ment has to be considered as added to the width of the two 
bounding insulations. Hence in such windings, for a given 
width of brush, the frequency of commutation is much 
higher than for a single winding. 


Having studied this method in connection with a good 
many machines the writer finds that, with careful pro- 
portions in other respects, one may be very sure of 
excellent results with reactance voltages of not over 3 volts. 
Above 3 volts, except in the case of large slow-speed 
machines, one is liable to encounter trouble, which, how- 
ever, if the value is not much in excess of 3 volts, is 
generally attributable to some other cause. Some of these 
causes are :— 

I. High ratio of pole arc to pitch, which results in too 
narrow a commutating zone. 


then described by them, consisted chiefly in starting from the basis of repre- 
sentative values for the inductance as expressed in terms of the lines set up 
per ampere-turn per unit of length of laminations, and it led to substantially 
the same results as one obtains by the method in its present form, wherein,the 
chief additional novelty consists, as has already been set forth, in allocating 
the components of the inductance in the “tree” and “embedded " lengths 
respectively, in giving guiding values for estimating these components, and 
in supporting them by fairly thorough tests and by the results of experience 
gained in applying the method to a great variety of machines. 
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2. A number of commutator segments, for a multiple- 
circuit winding, not a multiple of the number of poles. 
With relatively large numbers of segments per pole this is 
not harmful, except that it prevents the use of equaliser 
rings, but with a small number of segments per pole it is to 
be avoided. 

. Inequality in the air gap. 

. Inequality in the material of the magnetic circuit. 

5. Unsymmetrically assembled commutator segments. 

6. Unsymmetrically mounted brush gear. 

7. Unsuitable type of brush holder. 
8 
9 
О 


pw 


. Incorrect brush tension. 

. Inexact alignment of brushes. 

. Insufficient brush surface. 

1I. Brushes not suitably bedded. 

12. Unsuitable quality of carbon brush. 

13. Hard mica insulation between segments. 
I4. Soft commutator segments. 

15. Insufficiently rigid machine foundations. 
16. Insufficiently rigid shaft. 

17. Insufficiently rigid commutator construction. 
I8. Eccentricity in commutator. 

I9. Insufficiently clean commutator surface. 

20. Inequality in angular speed of prime mover. 


ee 


On large, slow speed, direct-connected machines the 
permissible limit for the reactance voltage increases con- 
siderably with the size of unit. Thus for speeds of from 80 
to 120 r.p.m. 3 to 4 volts may be used with perfect success 
for the range from 400 to 800 k.w., and the writer has 
occasionally seen machines of these rated outputs and 
speeds, where the values went as high, at full rated load, as 
6 volts. But they were not really excellent, and had not 
much margin of overload capacity, and the writer believes 
that it would be well throughout this range, and even to 
considerably beyond 1,000 k.w. units, not to exceed 4°5 
volts, or at the most 5 volts. It is, however, impossible, in 
these large sizes, without departing widely from customary 
constructions, to have such low values as in smaller machines. 
The writers own rule is simply to make the reactance 
voltage as low as considerations of economy and efficiency 
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will permit. It is often practicable to obtain reactance 
voltages of from 1 to 2 volts, and where no other features 
are sacrificed by so doing this is of course always very 
desirable. The commutation cannot be too good. 

As to why the larger sizes are rather less sensitive to 
high reactance voltages, the writer must freely confess that 
he has never yet found a satisfactory explanation. It would 
be an interesting field for investigation, and the results 
would be of great value to ascertain whether the three com- 
ponents of the reactance voltage, namely the flux, the 
frequency, and the current, should all be given the same 
weight, and also whether some substitute for the method 
stated for estimating the frequency might not be more 
correct. The formula— 


Reactance voltage = 2 тп 1 С, 


is, On account of the sine wave assumption involved, of 
course only remotely likely to be the most suitable, but it is 
used for want of knowledge of any suitable substitute. 


——————— ——— — ey a a ce имаде 


The writer recently went through a very large number 
of machines, suggesting modifications and improvements, 
and at the same time adding to the system some new designs 
of both small and large machines. Especial attention was 
given to improvement in commutation, hence interest 
attaches to Table XIX.,in which are set forth for twenty- 
eight of them the normal ratings and some leading con- 
stants and dimensions. In the case of many of the small 
sizes they were only arranged with such modifications as 
it was practicable to make without too expensive changes, 
and hence the proportions are rarely such as one would 
select for new designs. Nevertheless the table serves to 
indicate what the writer regards as safe values from the 
commutating standpoint for the speeds, voltages, and out- 
puts set forth. Before these small machines were re- 
arranged the reactance voltages were in many cases several 
times as great, and they were decidedly poor as regards 
commutation. Many machines are now being produced by 
various firms in which similar conditions obtain, and іп” 
which rearrangement of the windings and commutators 


! A large number of subsequent comparisons show that these com- 
ponents should all be given the same weight. 
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would permit of radical improvement in commutation. 
And in no feature of the design is it of greater importance 
to keep well on the safe side than with respect to commuta- 
tion constants. Many of those quoted in the list are un- 
necessarily low, but so long as these low constants can be 
obtained without sacrifice in other directions, and (in the 
writer's opinion) even at slight sacrifice in other directions, 
it is to be recommended. For instance, in the last few 
designs in the list, namely the large, direct-connected 
machines, the efficiencies at full load and half load are 
some 1 per cent. lower than might have been obtained for a 
given cost of material, by going 25 per cent. or so higher 
with the reactance voltage. 

In the specifications in Tables XX., XXL, and XXII. 
are given more complete data of the writer's desigus for 
slow speed direct-connected units of 400 k.w., 1,000 k.w., 
and 1,600 k.w. The guarantee to which they comply is 
as follows :— 

Guarantee : 25 per cent. overload during one half-hour, 
without harmful sparking or heating. Thermometrically 
measured temperature increase not over 50° Cent. above 
surrounding atmosphere during continuous operation at 
rated load. No harmful sparking or heating with momen- 
tary overloads of 50 per cent. Fixed brush position for all 
these conditions. Insulation of entire machine from copper 
circuits to iron, to withstand the application of a R.M.S. 
potential of 4,000 volts for one minute at 20° Cent. 

There has lately been a good deal of discussion with 
regard to the practicability of obtaining good results as 
regards sparking in large high-speed dynamos for direct 
coupling to high-speed engines. In the writer’s opinion, 
this is purely a question of adopting sufficiently solid (and 
consequently expensive) mechanical construction through- 
out, to permit of an absolutely true running commutator of 
high peripheral speed, both commutator and brush supports 
being completely free from vibration. Take, for instance, a 
large 500-volt unit, which would be the most difficult case 
for high speed. With a sufficiently large commutator 
diameter and sufficiently narrow segments, there may be 
high armature strength per pole. The high speed, high 
armature strength per pole, together with a rather large 


number of poles, will result in requiring but a very small 
Vor. 81. 14 
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TABLE XX. 


Specification. 400 K.W. | тосо КЛУ. | 1600 K.W. 


Number of Poles 8 16 22 
Kilowatts rated output me 400 1000 1600 
Speed—revolutions per minute ... 100 go 85 


Full load voltage 
Full load amperes ... 
External diameter 5 the armature (centi- | 


metres) 
u 1 nui- 
Eom re over windi ng “(се ti 95'0 80:0 720 
Length over armature core (centimetres) 40 38 33 
Number of ventilating ducts . га 8 7 
Width of each duct (millimetres) 13 13 13 
Effective length of laminations in arma- } 27 22-5 РЕ 


ture core (centimetres)... - 
Internal diameter of armature lamina- 
tions (millimetres) EE 
Diameter of commutator (centimetres) ... 
Length of commutator (centimetres) — 
Width of segment at surface (excl. in- } 
sulation) (millimetres) .. 
Thickness of insulation between seg- 
ments  ... ... 
Total number of segments - 


Total number of slots 264 384 440 
Segments per slot . 3 3 3 
Turns per segment... I I I 
Width of slot (millimetres) 12'3 13'4 I4 
Depth of slot (millimetres) 33 32 34 
Radial depth of air-gap (millimetres) 9 IO IO 
Radial length of аре! соге (centi- 8 

metres : 45 4 50 
Diameter of magnet core (centimetres)... 45'5 38'0 38 
Cross-section magnet core (square 1630 1140 1130 


centimetres) .. 
Pole-face бошо: (centimetres) 
Ratio of pole arc to pitch... a 
External diameter of magnet } yoke (centi- 
metres) ... 


| 379 | 531 | 644 
Radial thickness of шера od (centi- | 


Width of magnet yoke (centimetres) 66 70 | go 
metres) ... 2 3o 38 
Width of armature ' conductor  (milli- 24 28 30 


metres) ... 
Height of armature conductor  (milli- 
metres) ... 

Current density in armature conductor 
(amps. per sq. centimetre) қ 
Thickness of armature slot insulation 

(copper to iron) ima 
* Space factor " in armature slot .. 


I3 12'5 135 
303 357 |- 330 
1'6 1'6 1'6 
0'46 0'49 O'SI 
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TABLE XXI. 


Specification. 
| 


Average von per commutator seg- 


ment 56 
Amperes per sq. cm. of brush’ ‘contact 50 
Total reaction in armature ampere- 

turns per pole ... T Ps 7999 

8-Сігс. 
Type of winding $s si i Single 
Paths through armature winding from | 8 
positive to negative brushes... 
Amperes per path .. 01 
Length of arc of brush contact heme 5 

metres) 3 
Frequency of commutation, cycles per 

second 
Mean length of armature. turn ‘(centi- 

metres) ... 

Embedded length per turn (centi 

metres) . 

Reactance voltage with full load 28 
amperes .. 

Apparent tooth density (lines per Sq. | | 21 ооо 
cm. 1 
Width of tooth at root ( millimetres) у 14°3 
Radial depth laminations below slots 5 
(centimetres) ... 55% 4 
Density below slots (lines per Sq. cm.) | 10,300 
Cycles per second for reversal of mag- 67 

netisation in armature iron 
Total arm. flux at full load and rated 2177 

terminal voltage (megalines) ... 
Assumed factor for magnetic leakage as p 
Flux in magnet cores (megalines) 

Density in magnetic cores (lines рег } ү E. 005 
sq.cm.) . | 
Density in magnet yoke (lines per 11,100 

sq. cm. 

Pole-face density (lines per sq. cm. ) 

load voltage... 10900 
Ampere-turns at full load amperes апа | |, 3,500 

volts... és ' 
Ampere-turns for overcoming armature 3,500 

reaction ... ... 


Material of magnet yoke e 
Material of magnet cores . 
Material of magnet pole-faces 


Material of armature shects Р Steel 
Peripheral speed of armature (metres M 
per second) .. 
Peripheral speed of commutator (metres 
per second) i 
Centrifugal force at armature surface in i38 
kilogrammes per kilogrammc 3 
Centrifugal force at commutator surface оо 


Ampere-turns оп open circuit but 1 


in kilogrammes per kilogramme 


| 400 K.W. 


211 


| 1000 KW. | 1600 K.W. 


7,900 


I6-Circ. | 22-Circ. 


Single 
16 
I25 
20 
318 
240 
45 
39 
22,700 
147 
31 
10,700 
12'0 
1479 
1712 
16° 
14,900 
4,000 
8,700 
11,000 
14,000 


3,000 


Cast Steel | Cast Iron 
Cast Steel | Cast Steel | Cast Steel 
Cast Iron | Cast Iron 


Steel 
165 


1277 
1670 


12'0 


‘Single 


22 
132 
2-33 


37 
23,000 
17:6 
34 
10,500 
15:6 
ІСІ 
1125 
17'0 
15,000 


5,400 


9,900 
13,000 


16,000 


3,000 


Cast Iron 


Cast Iron 


Steel 
20'0 


156 
18:0 


14:0 
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TABLE XXII. 


| Specification. ым 400 K.W. | 1000 K.W. | 1600 K. W. 
| M | ————À Di MEM DIE 
LOSSES AND EFFICIENCIES АТ 60° CENT. | 
Core loss do D 18,000 | 32,000 
Armature copper loss I Rees 24,200 | 24,400 
Commutator CR loss at brush contacts 16,000 | 4,400 | 5,800 
Allowance for stray losses in commutator IOO 200 300 
Commutator brush friction loss ... e 700 2,800 | 5,300 
Loss in shunt winding jus 4 8,250 | 13,000 
» Series ñ si EN TIE ^ 2,250 | 3,000 
» shunt rheostat sai к M 650 1,250 2,000 
» Series diverter rheostat ... ine] 600 750 I,000 
Total of constant losses ... Ses .., 14,850 | 30,500 | 52,600 
» variable losses ... pi .. 16,900 | 31,600 | 34,200 
| » АШ 105565 ... 2.1 31,750 | 62,100 | 86,800 
' Commercial efficiency at full load | s.i 926 94'1 M 
» » » i » ... | 92 54 
” » » » did I х 
| „фо, I 864 | 885 аф 1 


The Commutator losses are figured on a brush resistance of o2 


ohms per square cm., a brush pressure of o'1 kg. per square cm., and 
on a friction co-efficient of o' 3. 


——————-———— 


Watts per square decimetre of peripheral | 
radia. surface of armature at ete 31 48 57 

Watts per square decimetre of peripheral i д 43 
radia. surface of commutator at 60° С. 7 5 


Watts per square decimetre of exter. 
cylindrical radia. surface of field 9 
pCO: at 60° C... 266 : 


WEIGHTS] AND COSTS IN ЕТЕКТЕ AND ерине 


ee. ——— —M— M OC 


Armature laminations iss ке ...| 5,500 5,300 7,700 

- copper ... 2s d e" 660 900 1,100 
Commutator segments .. 5% бе 730 1,700 1,700 
Field copper... at хе bee - 900 1,570 | 2,700 
Pole faces ... T. ar Ves is 700 I,000 I,200 
Magnet cores e.. | 4.300 7,000 | 10,000 
Total magnet yoke (including feet) ix | I2,400 | 27,000 | 33,000 


Taking for costs per kilogramme, the rough values of two 
shillings per kg. for copper, 0:31 for laminations, 0°38 for cast steel 


and 025 for cast iron, the totals for the cost of “net effective | 
material " are :— 


| 


| ailing ЫН Шы. effective material” іп Ы: 12,800 | 19,500 | 25,800 
Total weight of complete machine 
exclusive of shaft (kilos.) T 32500) 02,990: 77,000 


Cost of “net effective material" per | J : 
| k.w. in shillings Nes das si 320 195 ш 


SENIOREN 
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magnetic flux per circuit, and hence the machine will be 
very narrow. A narrow machine with many segments per 
pole, and consequently low average voltage per segment, 
will also, in spite of the high commutation frequency, be 
characterised by low reactance voltage, which, with the 
stablé mechanical construction above set forth, will result 
in a machine with excellent commutating properties. 
Indeed it occurs to the writer to point out here that pro- 
bably one of the most characteristic novelties of his designs 
—if such slight departures from preceding designs may be 
termed novelties—consists in the employment of fairly 
numerous poles combined with high armature strength per 
pole. Heretofore designers resorting to many poles appear 
generally to have done so with a view, firstly to securing 
economy in material, and secondly for the purpose of 
thereby minimising the armature ampere-turns per pole. 
The writer, in the interests of securing a low reactance volt- 
age, is inclined to recommend a good many poles, and as 
many armature ampere-turns per pole as are consistent with 
suitable thickness of segment, available room on the arma- 
ture surface, and permissible centrifugal stresses in armature 
and commutator. There appears to be a large field for 
such machines, which is developing as a result of the 
success which has been achieved with large high-speed 
engines. The possible economies may be judged by 
explaining that, for a given output, the factory cost for large 
500-volt direct-connected dynamos decreases closely in 
proportion to the square root of the ratio of the speeds. 
This is no theoretical deduction, but the result of com- 
parisons of the complete factory costs of a number of such 
machines. For lower-voltage dynamos the saving would 
not be quite so great as in this proportion, since the 
commutator must have a radiating surface and a brush- 
bearing surface practically as great for a high-speed as for a 
low-speed dynamo for a given output and voltage, since 
any increased advantage obtained at high speeds as regards 
ventilation is fully offset by the increased friction loss at 
the brushes. The amperes to be collected at the brushes, 
hence the brush contact C?R losses are independent of the 
speed. Since the lower the voltage the greater the percen- 
tage of the total cost which the cost of the commutator 
constitutes, the saving due to increased speed cannot be so 
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marked in low voltage as in high voltage machines. This ts 
analogous to the case of rotary converters, where the 
neutralising of the currents in the armature conductors 
shows its effect in decreased cost much more markedly in 
high voltage than in low voltage machines. Another 
tendency controlling the nature of the design selected for 
these high-speed dynamos is more of a commercial nature, 
namely, that the speeds are just about such as are very 
suitable for large, 25-cycle, rotary converters ; and it is 
distinctly economical, where, as often occurs, no especial 
advantage is thereby sacrificed, to develop both of these 
classes of apparatus from the same models. Thus a 25- 
cycle, 400-k.w. 500-volt 6-phase rotary converter works 
out satisfactorily with 8 poles and 375 r.p.m., and this speed, 
with shortened commutator, yields an excellent 300-k.w. 
dynamo, although, if the rotary converter were not required, 
it is likely that six poles would be slightly preferable for a 
500-volt, 300-k.w. generator at 375 r.p.m. Similarly a ro- 
` pole, 650-k.w., 500-volt, зоо r.p.m. 6-phase rotary convertor, 
with minor changes, yields an excellent design for a 500-k.w. 
dynamo for the same voltage and speed. 

In such carefully considered cases the writer is by no 
means averse to making compromises in the interests of 
:Standardisation in manufacturing. 


It is probably not generally realised what a stupendous 
programme of ratings requires to be standardised—in con- 
tinuous-current machines alone—by every large electrical 
manufacturing concern. We may consider the case of a 
single line of very small high-speed machines of from 125 
kilogrammes weight, up to 2,600 kilogrammes weight. This 
may be provided for by some twelve distinct models, but 
when worked out to meet the demands of the market, 
with ratings as dynamos, motors and all the sub-divisions 
of these two classes, the list is found to comprise hundreds 
of ratings for which but few can, with any regard to the 
best results, be arranged to have precisely the same manu- 
facturing specifications. 

The twelve models of the range of weights mentioned, 
will, when rated as shunt motors with open frames, suffice 
for a range of outputs of from 2 H.P. to 65 H.P. for the 
lower of the customary range of speeds, and 3 H.P. to 
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75 H.P. for the highest customary speeds. But examining 
the different purposes for which the machines will be 
employed, there are found to be the following chief classifi- 
cations, for each of which all the twelve models must be 
rated for three different voltages. 


I. Shunt-wound Dynamos—Low Speed—Open Type. 


LI. й ^ High , » 

III. У Motors Low T js 

IV. ” ” High ” » 

V. » | » Low | » | йо. Тур 
VI. Л 5 High , j 

VII. Series-wound 5 Low  ,, Open Type. 
VIII. "m 7 High  ,, » 

IX. » » Low  ,» | Enclosed Type. 
X. T » High , » 


These classifications alone make up 12 x 3 x Іо = 360 
different ratings, and yet it is a. very incomplete list for the 
range of capacities concerned. Such machines would be 
required at a great number of speeds, differing from the two 
main groups designated above as Low Speed and High 
Speed. There is also the rapidly increasing demand for 
motors suitable for operation throughout wide ranges of 
speed by shunt regulation, for which more exacting require- 
ment the standard constant-speed motor must be rated 
somewhat lower (in order to commutate satisfactorily with 
the weaker field excitation, ig., at the higher speeds), and 
must have special field windings. These remarks are 
merely intended to bring out more clearly the state of 
development at which the small-motor industry has arrived, 
and it 1s scarcely to be wondered at that the large manu- 
facturer, confronted with the task of standardisation, is 
inclined to demur at the multiplicity of patterns, drawings, 
dies, gauges, winding forms, insulation moulds, etc., 
required for securing the best results. He is painfully 
aware of the already huge accumulation (corresponding, 
moreover, in large measure to superseded types) already on 
hand, and is reluctant to admit that the manufacturing of a 
single line of little machines should assume the propor- 
tions of a great department. He has other departments to 
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consider—for instance, induction motors, alternators, trans- 
formers, railway motors, railway generators, lighting genera- 
tors, and very many more. Only a few years ago he got 
along very well with but a small equipment. The engineer 
who proposes to urge the further complications, from the 
standardising standpoint, which are required in conscien- 
tiously applying the knowledge of the subject now-a-days at 
his disposal, calling for commutators and windings propor- 
tioned with due regard to the conditions which should 
be complied with, has no easy task, and the smaller the 
machines the more unwelcome are his proposals. While on 
the one hand it is true that, with small machines, reason- 
able liberties with the design can be taken without great 
detriment to the performance of the machine, it is, on the 
other hand, precisely in the case of such small machines 
that it should be practicable to produce each different rating 
in considerable quantities, and hence it should be more 
economical to work out, with extreme care, such designs as 
shall, with a minimum of material and labour, yield the best 
result ; and one is inclined to believe that production in 
quantity should be relied upon ultimately to render negli- 
gible the cost of special tools. The writer intends the 
above remarks to apply to machines of at least 2 H.P. 
output. For still smaller machines, 1.¢., for fractions of a 
horse-power up to one horse-power, the cost is almost 
entirely a question of careful organisation of the manu- 
facturing processes ; almost any first-rate design of motor 
will serve equally well as a basis, the cost, especially of 
material, and to a considerable extent also of labour of 
workmen, disappearing to a far greater extent than in larger 
machines, in comparison with all the other charges involved 
before the machine is marketed. 

In the other extreme case, namely that of very large units, 
the contrary conditions prevail, and the engineer's task is a 
relatively easy one. For these machines, he is encouraged 
to adopt such an arrangement of the material as shall bring 
about the most effective result per unit of value, and he 
readily obtains consent to incorporate, in each successive 
machine, such changes and improvements as he deems 
desirable, in spite of the consequently required modifica- 
tions and often even replacement of extremely expensive 
patterns, dies, etc. 
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Even when the manufacturer considers it expedient in 
machines of from 2 H.P. to 75 H.P. to evolve them, to the 
detriment of their technical properties, out of a minimum 
number of drawings, patterns, and dies, the necessities of the 
special unforeseen cases (which always have and always will 
continually arise, and which have to be provided for, since 
they must constitute a considerable percentage of the total 
business of every- progressive. concern) will compel the 
manufacturer, if he is to compete successfully, to depart 
gradually but inevitably from the original set of standardised 
designs, and accumulate an irregular, unsatisfactory, 
entirely haphazard assortment of deviating designs, most of 
which will be discreditable makeshifts. "This result is in 
striking contrast to that to be obtained by boldly accepting 
the situation in the first place, making each machine correct 
for its rating, and, by the employment of all the technical 
knowledge of the subject available, to look for the profits 
from the skilful use of a minimum of material and labour in 
each case. Then, when the inevitable necessity arises of 
supplying special machines, these will be developed from 
whichever one of a very large variety of correct designs 
most nearly corresponds to the special requirement, and 
since the design from which the deviation is derived is itself 
correct, much greater satisfaction and economy will be 
secured in the special deviating machine. In fact it will 
far more often occur that, the standard machine having 
been designed with strict regard to the specified perform- 
ance, there will be very many special cases where the 
conditions to be met are considerably different, where the 
standard machines may nevertheless be used without any 
change whatsoever. 

These are not questions which can be easily decided. 
The writer realises a little that it would probably be 
impossible for him, in spite of the best intentions, to 
consider them from a thoroughly impartial standpoint. As 
to just how far, he cannot know, but he inclines to the 
belief that at least a little more regard for technical excel- 
lence in the types of machinery treated of in this paper, 
may perhaps be consistent with the commercial success of 
the concerns engaged in their manufacture. 


~ 
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DESIGN OF CONTINUOUS-CURRENT DYNAMOS. 
By HENRY А. MAVOR, M.I.E.E. 


Some years’ experience in dealing with the manufacture 
of Continuous-Current Dynamos has led the writer to seek 
for a more definite basis of comparison for such machines 
than has hitherto been available. The value of a trust- 
worthy basis of comparison need not here be insisted upon 
at any length, but the manufacturer who desires to 
standardise and systematise the production of his machinery 
begins at the wrong end if he does not first systematise his | 
methods of design so soon as his experience enables him 
to do so, and until he has systematised his design the 
standardising of production must proceed on an unsatis- 
factory basis. The valuable contributions by the late 
Professor John Hopkinson and his successors to the litera- 
ture of the Continuous-Current Dynamo have yet to be 
developed into a complete theory of the dynamo machine. 
This paper is intended to be a humble contribution to the 
systematic treatment of the subject, the object being to put 
in simple mathematical form certain practical considerations 
in connection with dynamo design and to use them for the 
systematic treatment of the subject on practical lines. To 
do this it is necessary to adopt a few symbols, a list of which 
is given at the end of the paper. 

The parts of the subject proposed to be dealt with are 
sufhciently indicated in this list, which is alphabetically 
arranged for convenience of reference. The quantities 
dealt with are seventeen in number. Certain of these are 
treated as constants which may be fixed by the designer 
from the results of his experience ; others may be assumed 
or modified to meet the requirements of the design or of 
the conditions laid down for the working of the machine ; 
The remainder are derived from members of eithet or both 
of these groups. 

The dynamo, being a mechanical structure for the trans- 
formation of energy, may be considered as consisting of 
essential and of accidental parts. The essential part is the 
region occupied by the armature conductors in the magnetic 
field. This region may be named the “active belt" of the 


> 
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armature. It is bounded by the peripheral surface of the 
armature, the surface of the core at the bottom of the slots 
and the ends of the core. An examination of the machine 
in terms of the energy generated in this active belt leads 
to the interesting result that machines of very widely vary- 
ing size, output, and speed give a remarkably constant value 
in watts generated per cubic centimetre of active belt at unit 
velocity in unit field. This constant may be expressed in 
symbols thus— 


K = ergs per second per cubic centimetre at unit velocity in 
unit field x 107 


"ES: NEN 
_ qcdisxmTdnxF. .. . . . (г) 


The value of the constant K must be a compromise 
between economy in first cost and efficiency in radiation of 
lost watts. The maximum value of K gives zero electrical 
efhciency. The maximum possible output of the machine 
is at half this value. A reduction of the value of the con- 
stant K leads to increased quantity of material, increased 
cost of construction, and increased electrical efficiency. A 
consideration of the dynamo from this point of view 
suggests increase in the depth of the active belt, reduction 
in the watts generated per cubic centimetre and reduction 
in the depth of the core so as to minimise hysteresis and 
eddy current losses in the core, with consequent increase in 
‘diameter and multiplication of the number of poles. It will 
be noted that this consideration includes the radiation of all 
lost energy from the surface of the armature, the value W 
being the total watts generated by the machine. 

It is suggested that members of the Institution may be 
disposed to contribute to the discussion comparative results 
on the lines of this paper. 

A careful examination of a large variety of types and 
sizes of machines indicates that the value of the constant K 
may be taken as showing what may be counted upon as a 
safe load having regard to the heating conditions. This 


value the author believes to be about „9, ог 5 ergs рег 
107 


second per cubic centimetre at unit velocity in unit field. 
It is proposed to denominate the value K the Energy 
Factor of the machine. 
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Further experience in the use of this constant may reveal 
the relation between its value and the capital cost of the 
machine per unit of energy generated. At present it would 


eTTT Tr rrr 
“а 1 
Е. 
р 
AA 


Qc 202 22, (204 (772 OGE 
FIG. 1. 
appear as though a considerable variation in the energy 


factor may be permitted without materially affecting the cost 
per unit of energy generated, and the electrical losses on 
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many machines bear so small a ratio to the total losses that 
the free use of ventilation may entirely obscure any disad- 
vantage arising from the increase in the value of the energy 
factor. At the same time it would appear that, based as it 
is upon absolute units, it would form a sure standing ground 
for comparison of the actual performance of machines. 
The rise in temperature may be so variously estimated and 
so materially modified by ventilation or otherwise that the 
indefinite method of comparison on that basis ought to give 
way to something more sure. 

A temperature test, based upon electrical measurements, 
an electrical and a commercial efficiency test associated with 
the energy factor and the cost price, would give for the 
dynamo a more complete basis of scientific and commercial 
comparison than is now available for any kind of machine. 

Many battles have been fought around the question of. 
commutation. The important bearing of the commutating 
conditions on the satisfactory working of the machine is, of 
course, thoroughly recognised by all designers. 

The most recent summary of this branch of the subject 
so far as the author is aware is contained in Messrs. Parshall 
and Hobart’s book on “Electric Generators," in which а 
summary of the theoretical and experimental investigations 
into armature reaction is given and the relation between the 
field turns and armature turns is fully discussed, as also the 
relation between the reactance voltage and electro-motive 
force generated per section in the armature. It is not (ће | 
purpose of this paper to enter into a discussion of the points, 
but rather to embody in a simple form the calculations 
necessary for determining the conditions which are there 
accepted as necessary for satisfactory working. The method 
adopted in the work already referred to is a useful way of 
dealing with the question, but the methods of calculation 
adopted are such as to render the consideration of the con- 
ditions somewhat complicated. The simplification of these 
calculations involves very elementary algebra. Assuming a 
sine wave form for the fluctuations of the current, they may 
be summarised in the formule (2), (3) and (4). ' 

Expressing the total electro-motive force of the machine 
by 
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and the reactance voltage— 


ar nfibmC 


du o c ONSE 


we obtain by combining 2 and 35, and cancelling out the 
common factors, the simple formula— 


MEC lg 


The value of the field, f, due to the current under 
commutation is probably not so constant as indicated in the 
work above referred to, but any desired correction may be 
made upon this factor by introducing the consideration of 
relation between depth and width of slot or of any other 
elements which the designer may consider it necessary to 
introduce. Formula 4 indicates that the reactance voltage 
is not subject to large modification for any given output. 
On all large machines the value of m = 1. The watts 
output being given, the reactance voltage is inversely pro- 
portional to the diameter of the machine. 

Equation No. 4 is true of all machines whether wave or 
lap wound. It enables us readily to ascertain the value of 
the electro-motive force of self-induction which has to be 
overcome in commutation. Тһе electro-motive force 
available for overcoming it depends, of course, upon the 
armature reaction, but for this part of the argument it may 
be assumed that this electro-motive force is made equal to 
the average electro-motive force generated in the conductors 
of the armature by their motion through the field. 

As we are dealing with the reactance voltage in one 
section of the armature, we have to deal with the average 
electro-motive force of the same region. 

A section of the armature being defined as the path of 
the current from commutator to commutator, this average 
electro-motive force generated in a section of the armature 
is— 


2mlFadni 
= M • • • • • • (5) 
А distinction must here be introduced between Тар 
wound and wave machines. In lap wound armatures e = 
the difference of potential between adjacent sections of the 
commutator ; in wave wound armatures the difference of 
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potential between adjacent sections of the commutator 
_exP 
== x 

It is assumed that the ratio between the two electro- 
motive forces e and r has a very important bearing upon 
the commutating conditions of the machine. Doubtless 
the contact resistance of the brushes and their connections 
and of the connections to the commutator have an 
important effect upon the value of the reactance voltage, 
but it is assumed that the values arrived at by the method 
referred to may with advantage be used in the design 
of machines. The use of the energy factor considerably 
simplifies the consideration of the question from this point 
of view, and makes it easy to plot curves of values of the 


ratio : which will embody the necessary considerations. 


The value for the total ampere-turns on the armature is 
derived from equations 1 and 2, and is 


GmC Ктйа5108 
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апа a value for the total ampere-turns per centimetre 


diameter of the armature in terms of ratio £ is given by 
е дк} 
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from 3 and 5. 


The relation of the depth of slot о the ratio 2 is shown 
by 
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which is derived from equations 4 and 5. 
The relation of the dimensions and speed of the machine 


to its output in terms of the ratio - аге shown by equation 


NO. 9— 
е 2mF? В d?/R 
ғ бој 108 W ILI. 
which is derived from No. 1 and No. 8. 
These relations may be conveniently plotted in the form 
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of curves, and for convenience the values are arranged as 
direct ratios so as to give straight lines. 

The diagram showing these curves, Plate I., shows the 
relations indicated by these equations through a very wide 
range and the selection of a value for any one of the four 


quantities, viz., £ =ratio between the average E.M.F. generated 


between two sections of the commutator and the reactance 
S m the ampere-turns of the armature, s — the 
а2 І К 
W , 
speed of the machine and -its output, determines the other 
three values. They are all interdependent, and the designer 
can compare his values directly by means of the diagram. 


voltage, 


depth of the slot, or the ratio between the size and 


е Mae 
The value chosen for > admits of а considerable variation, 


but there does not appear to be any material advantage to 
be gained in commutation from increasing its value above 
2; and although many machines have been made with as 
low a value as 1°6, anything below this value appears to be 
dangerous. : 

This confines the practical use of the curves within 
comparatively narrow limits, and would appear to indicate 
a ready means of systematising designs as regards the values 
involved in those equations. It will be noted that equation 
NO. 9 leaves indeterminate the relation between diameter 
and length. It will be seen from equation No. 4 that it is 
important to keep the diameter of the machine as large as 
convenient so as to reduce the value of 7, in recognition of 
the importance of not only keeping the ratio between e and 
r high, but of keeping their positive values low. Further, 
the diameter of the machine has to be fixed with reference 
to the value of E, because the number of commutator parts 
at any given diameter is limited by mechanical considera- 
tions. The equations given show further that the relation 
between diameter and length need not be responsible for 
the commutating conditions ; the machine can be so con- 
structed and wound as to commutate well even though it be 
small in diameter in proportion to its length. 

It has been assumed that the value of the electro-motive 
force available for overcoming the reactance voltage can be 

Vor. 81. 15 
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taken as a definite proportion of the total electro-motive 
force generated by the armature. This assumes suitable 
conditions of armature reaction, and it is necessary to make 
some provision for the accuracy of this assumption. This 
is done by fixing the number of poles so that the armature 
reaction bears a suitable relation to the magnetising force of 
the magnets and is stated in the equation— 
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FIG. 3. 


1.е., that the ampere-turns on the armature per pole should 
not exceed то,ооо per centimetre length of the air space. 
A diagrammatic method of dealing with this part of the 
problem is indicated on Plate 1L, in which are plotted 
values of d as abscissz, and as ordinates the value of total 
ampere-turns, ampere-turns per pole and length of air space, 
the length of the air space being assumed a function of the 
diameter. 


Taking the values of ampere-turns per centimetre of 
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diameter and depth of slot from Diagram 1, and having 
fixed the diameter of the machine, the ampere-turns per pole 
and the number of poles are readily found. 

It will be seen that the relation of diameter and length 
depends not only upon the reactance voltage, but on the 
number of turns per section and the number of paths 
through the armature. It will therefore probably be found 
convenient, in designing machines on the lines indicated, to 
start operations from the value of т, fixing standard sizes of 
conductors and the current density to be used in them. 
2 is the value of the ampere-turns per section in the 
armature, and the required current output will give im- 
mediately the ratio > raising the question of Фаг:ејег 
and commutator segments independently of the spe d at 
which the machine is to run. 

If the designer proceeds on an assumed peripheral speed, 
then the diameter is fixed at once and the other quantities 
fall into line. 

To summarise, the values to be determined in the design 
are disposed of as follows :— 


EXAMPLES OF USE OF EQUATIONS. 
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Turning to the consideration of cost, it is found that in 
the case of many groups of machines there is no regular 
ratio between the cost and output of the machines, and 
estimates are difficult to make. 

There ought to be such a regular relation, and the 
following method is suggested for obtaining this result :— 

Plotting watts per revolution as abscissz and costs as 
ordinates, the position of each machine is marked, and the 
points representing cost and output for each carcase of a 
given diameter with varying length are joined by a straight 
line which is produced to cut the zero ordinate. This point 
gives the limit of cost to which this carcase approaches as the 
core length is reduced to zero, and may be called the base 
cost of any given carcase; the slope of the line drawn 
throigh the costs of the machine at different length shows 
the « əst per inch length of “active belt" on that carcase. 
Incr ase in diameter increases the base cost and reduces the 
slope of the line passing through the costs of the actual 
machines, so that, starting from the smallest diameter and 
passing to the largest, will give a succession of straight lines, 
each touching its next lower neighbour at one point, and 
producing a curve made up of segments of the lines repre- 
senting each machine, each segment showing the economical 
range of length for the machine which it represents. 

This method will be found useful up to machines of 
about 100 centimetres diameter. 

Beyond this size the cost is very approximately pro- 
portional to 42 / and is not within ordinary working limits 

seriously affected by the ratio x1 

The diagram No. 3 is an illustration. of the method 
suggested. The ratio between d? / the size of the machine, 


and watts per revolution, is readily ascertained from 


W 
R' 
diagram No. 1 when a value has been chosen for - and exist- 


ing patterns, or new designs can be brought into line in 
accordance with the costs as shown by the diagram. 


SYMBOLS USED IN THIS PAPER. 
А = Length of air space in centimetres. 


b == The maximum number of sections of commutator covered by 
the brush. 
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C = Total armature current in amperes. 
d = Diameter of core measured to the middle of the active belt in 
centimetres. 
е == Average E.M.F. generated іп one section of the armaturein volts: 
E = Total E.M.F. generated by armature in volts. 
f = Induction field in C..S. lines per centimetre length of slot, due 
to one complete turn. 
F — Average flux taken over the whole surface of the armature, in 
C.G.S. lines per square centimetre. 
G — Number of sections in the commutator. 
K — Watts generated per cubic centimetre of active belt at unit 
velocity in unit field (called Energy Factor). 
] — Net length of armature core in centimetres. 
m == Armature turns per commutator section. 
n = Revolutions of armature per second. 
P = Number of poles in magnets. 
== Number of paths through armature. 
r = Reactance voltage. 
5 = Depth of slot in centimetres. 


W = E С = Total watts generated by active belt. 
R = бол = Revolutions per minute. 


Мг. Н.А. Mavor: I wish to express my personal indebtedness to Mr. 
Hobart for his former work on this subject. This new paper of his will 
be most useful when one has time to assimilateit. Theauthor hastaken 
up in great detail the very points which are of interest to a dynamo 
designer, but not in sufficient detail to enable one to design a dynamo 
from his paper. The great difficulty one finds is, that however elevated 
one's ideasabout standardisation may be, to adhere absolutely to standard 
is impracticable. It is possible, however, for dynamo designers to 
adopt a uniform or similar method of comparison of designs. Table 19 
of Mr. Hobart's paper relates to a most useful group of machines 
looked at from that standpoint. It would appear that the introduction 
of the value of the “energy factor” described in my paper would fill 
up the gap which exists in this table and make it nearly perfect. A very 
important point has been raised by Mr. Hobart in speaking of the 
construction of the commutator. Notwithstanding what we have heard 
to-day about the obsolete character of continuous currents, there is still 
a field for ingenuity in the mechanical construction of a commutator 
which will meet the requirements for more rigid construction. 

The limitation of the thickness of the commutator sector inthe present 
method of construction is a distinct disadvantage to the designer. A 
more simple and rigid method of construction with abolition of the 
demand for mica insulation would be an improvement. Micainsulation 
is a bad thing structurally, and if this could be got rid of in favour of a 
less treacherous substance and a commutator section could be obtained 
for every turn in the armature, it would be much easier to produce a 
satisfactory machine. In this particular, as in many others, specifica- 
tions tying the hands of the designer and manufacturer, and intended 
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Mr. Махог. for the protection of the consumer, tend rather to result in the destruc- 


Mr. Kapp. 


tion of the design. 

Mr. GIsBERT КАРР (Berlin): The subject of the papers might 
perhaps be thought old-fashioned, because it concerns continuous 
currents, but the continuous current has still a large field of usefulness, 
and it is therefore quite right that we should endeavour to improve 
the machine which produces it. Mr. Mavor has set himself the difficult 
task of standardising a thing which has to satisfy very many different 
conditions. He comes to the conclusion that a deep slot is the right 
thing. Now, curiously enough, a few days ago a correspondent wrote 
a letter to the editor of the Elektrotechnische Zeitschrift in which he 
endeavoured to prove that a flat slot is the right thing. Well, I cannot 
say that my correspondent was wrong ; he had another kind of machine 
in his mind to that of which Mr. Mavor is thinking. When you have 
to design machines for varying speed, varying output, and, above all, 
varying pressure, you cannot say that either deep slot or a flat slot 
is the right thing, but you have to design every case on its own merits. 
You can easily see that if the machine is to be of moderate size and 
for 1,000 volts continuous current, which, I suppose, is the limit one 
would care to go to, that a very deep narrow slot is not the best thing, 
because you lose too much space for insulation. If, on the other hand, 
you have to build a railway generator of 1,000 kilowatts, then you can 
use a deep slot, because you have stout armature bars and the waste of 
insulation is hardly increased by deepening the slot. Another point 
which has been touched upon is tbe difficulty of making commutators. 
It is, of course, advantageous to use as many sections as possible; but 
then the sections may get very thin and mechanically weak. To draw 
them tight by end pressure applied to chamfered rings is objectionable, 
because liable to cause buckling, especially in long commutators if 
they get warm. There is, however, a way to prevent buckling by 
making the sections not radial, but in the shape of a broken line, some- 
thing like a very open V. 

Mr. Mavor's diagram, Fig. 3, is very interesting. It really comes to 
this: that for each output per unit speed there is a most economical 
diameter and length of armature. I have never worked out the cost of 
machines in that way from catalogues, but I think if one did so, one 
would find that there are some machines which are not designed to the 
best advantage. When you look at tenders of machines and find one 
30 per cent. higher than the others, you will probably see that this 
machine falls outside Mr. Mavor’s curve. Might I, in this connection, 
be permitted to mention a formula which is very simple and gives the 
output of a machine, as a function of the armature diameter D, the 
length of armature L, and the speed U, revolutions per minute. The 
output in kilowatts 15 P = С (5) L (=). D and L are given in 

100 100 
centimetres. In this formula, C is a coefficient which is very elastic. 
The reason for this elasticity is obvious. If you have to design a 
machine for high pressure you lose more in insulation, therefore you 
must increase the diameter and C will be rather smaller than for a 
machine built for low pressure. C also varies with the diameter. Ina 
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large machine you do not waste so much space in insulation, and you 
utilise the material better. Finally, the skill of the designer has also 
some influence. I find that the coefficient C varies from about o'6 in a 
small machine designed by a not very skilful man, to about 26 at the 
highest in a large machine designed by a man of skill. This large 
variation is unavoidable, because of the influence of so many details. 
Thus the voltage and heating have some influence quite apart from the 
dimensions. There was a time when the output of machines was 
limited by sparking. I think this limit has now been passed, and we are 
really limited by heating, and the size of the machine will depend upon 
the heating limit which the consulting engineer chooses to allow. As 
far as C is dependent upon dimensions I have also attempted to find 


an expression for it. Itis C= 0'6 + D. Because of the influence of 


the other considerations this formula is only approximate. Thus for a 
machine of, say, 2 metres diameter of armature, the coefficient would be 
only 1*6, whereas in reality the coefficent may Бе 2. You see the formula 
is not accurate, and cannot be accurate. Now the very fact of their being 
so shows that it is impossible to give the output of the machine merely 
as a function of its size and speed—that is to say, without due regard 
to other circumstances, such as the pressure and the heating limit. For 
the same reason I am a little suspicious of the Mavor curve, as it 
does not take into account those special conditions which I have 
mentioned. Perhaps Mr. Mavor will explain in his reply whether 
this curve is intended for machines of any pressure and any absolute 
size, or whether it applies to a certain line of machines for a particular 
pressure. | 

Professor SILVANUS P. THOMPSON: We are indebted to both the 
authors of these papers for much extremely suggestive and interest- 
ing matter, and I hope if one criticises, it will not be thought that 
one does not appreciate many of the good things which are to be found 
on either hand. 

I have been trying to understand theinner meaning of this * energy- 
factor" which is introduced to us to-day. I can quite believe that 
it is a very useful thing to study, in order to compare together the 
different makes of machines, and certainly that curve which Mr. Mavor 
has brought out as to the cost of a series of machines, beginning with the 
one which has a body only, and no soul to do any work, will enable us 
to study the matter from a new standpoint. But I think that the 
* energy-factor " so-called must be looked at very carefully. It is, if 
I understood it rightly, ergs per second per cubic centimetre of active 
belt, the machine being considered as running with unit velocity in unit 
field. 

If a thing is moving at unit velocity across unit field, every centi- 
metre length of it is generating exactly one hundred millionth part 
of a volt. Now the power of a machine—the output in watts—is 
the product of the amperes going through it and the volts that it is 
generating. Consider a cubic centimetre of this active belt. It is 
partly made up of copper, partly of insulation, and partly of iron. Take 
such a unit cube and move it at unit velocity in unit field, and there will 
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be generated in one direction through it the one hundred millionth part 
of a volt ; and the number of amperes that are going across it, entering 
through one square centimetre facé and going out at the other, when 
multiplied by that fraction of a volt will be the number of watts 
generated in it. So, it turns out that this energy-factor is after all 
simply nothing more than the number of amperes going through a 
square centimetre of that active belt—copper, insulation and iron all 
reckoned together. K is simply the nett current-density per square 
centimetre of the volume of the active belt. Well, that is literally all 
that the energy-factor means. Now it is not very surprising, if that 
is the physical meaning of this energy-factor, that different makers have 
come to somewhere about the same practice for similar machines, for 
they have somewhere about the same proportion of copper to iron in 
machines that are built on similar lines, and they also work necessarily 
to about an equal ampere density at normal output, because they have 
to get rid of about the same amount of heat per square centimetre of 
the active surface. That leads me to another point in connection with 
Mr. Mavor's formula giving dimensions of machines and output. There 
is a much simpler formula used some years ago, which was first 
suggested by Mr. Steinmetz. It is this—that the output of a machine in 
kilowatts is equal to the diameter of the core-body multiplied by the 
length of the core-body (the length between the core-heads) divided by 
a constant. That constant, for inch-units, will be somewhere between 
2and 4. It may be even less than 2 in large and well-designed 
machines: in small machines it may be as great as 4, or even over 
4. [Mr. GisBERT Kapp: Where does speed come in?] The speed 
does not come in, because it is assumed that in any particular type of 
machines there has been established by experience a certain surface- 
speed which is best. Volume does not come in, but surface, because 
for machines of a given efficiency the losses are proportional to the 
output, and the surface (at a given speed) must be proportional to these 
losses for equal temperature rise. It isa very good formula for a rough 
and ready comparative test of designs. 

I have been trying to follow the figures given by Mr. Hobart, 
and again I must express the indebtedness I feel to Mr. Hobart, not 
only for the paper he has given us to-day, but for his good work in 
conjunction with Mr. Parshall in furnishing numerous useful data to 
help us to understand dynamo design and practice. But I wish he 
would give us a little more to enable us further to assimilate that which 
we have already got. I want to know, and I hope Mr. Hobart will 
consent to tell us, something more about some of these machines, 
It is not easy, without a good dcal of time spent upon calculation, 
to see precisely what they amount to. In the case of the three 
machines having тоо kilowatts output (on Table No. 2), I do not 
find the surface speed of the armature. Of course it can be found 
by working it out. The surface speeds in those machines appear 
to run somewhere about 4,700 feet per minute. The values of the 
magnetic fluxes are not given us, neither are the flux densities in the 
gap given us, so that it is impossible to make anything like approximate 
estimates of the densities of the field in which the commutation has 
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taken place. One can only infer it indirectly. Well, we cannot check 
the results unless one has something of that kind to go by, and one 
cannot even check the theory that is laid down without having data 
of that kind. We owe to Mr. Parshall—I suppose to Mr. Hobart too— 
the particular theory of the commutation of a machine in which the 
expression “reactance-voltage” occurs; and I notice Mr. Mavor 
accepts the idea of “reactance voltage” in the same sense in which 
it has been put forward by Mr. Parshall and Mr. Hobart. I am not 
going to say it is not a useful step to have some definite term such as 
the thing called “reactance voltage" to put before one in discussing 
the question of commutation; but I am not at all satisfied that the 
quantity we are calling “the reactance voltage” is really the right 
quantity to be considered in the problem of commutation. Further 
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than that, I do not think it is anything more than a very rough 
approximation to consider the ratio between what they call reactance 
voltage and the average voltage per bar of the commutator per element 
of the winding, because, if I understand it, the act of reversing the 
current during commutation requires a magnetic field, and the 
magnetic field which is required for that purpose is not an average 
field ; it is the field of the particular place where the commutation 
occurs. Now that field is not necessarily by any means the same 
as the average field under the pole, nor is it necessarily proportionate 
to it. ^ That depends upon various things—not only on armature 
reaction, but on the construction of pole-tips, extent of saturation 


Professor 
Thompson. 


Professor 


Thompson. 


234 HOBART AND MAVOR: [ Congress, 


in different parts of the pole-face, and so forth. Still, in spite of that, 
it is useful to have that idea of reactance-voltage. 

Now think for a moment of the problem of commutation, which we 
may deal with by aid of a diagram. Take a horizontal line to repre- 
sent time. We have got, in a certain element of the winding, a current 
which has to be reversed. The value of that current we may plot 
vertically upward or downward according to whether the current is in 
one direction or in the other. Before commutation takes place the 
current has a uniform value: we have our ordinates all of the same 
height. There comes a moment when commutation is to begin. Now 
let us suppose that we have some imaginary kind of brush or arrange- 
ment for commutating which did not begin its work gradually but 
began suddenly. It suddenly short-circuited the loop in question. 
What we should desire or wish to occur would be that the current in 
that loop should accurately and suddenly go down to zero, and then 
should absolutely suddenly reverse itself to an equal value of current 
in the other direction. The positive ordinate would have to be 
suddenly changed to an cqual negative value. But we cannot have it 
occur suddenly. It is simply physically impossible. Nature ordains 
that the operation will last a certain time. Well, we take a certain 
time, represented on our diagram by the length from A to B. At the 
end of that time what we desire is that the current shall have grown to 
an equal but negative value ; and that from that point onwards, until 
the next act of commutation takes place the current shall remain 
uniform. Now the act of commutation has to take place in that space 
of time, or while the armature moves through the corresponding length 
of space on the periphery of the machine. How does thc current in 
fact pass from being of full value in one direction to being of full value 
in the other direction? Does it fall down gradually to zero, and then 
gradually grow again in a straight line like that marked 1, 1? Or does 
it not much more likely take a form more like a curve of cooling, that 
drops quickly at first and remains almost concave like that marked 3 in 
the diagram? Іп the question of how the current dies and grows again 
everything depends, not only upon the value but on the distribution of 
that fringe of magnetic field in which the act of commutation takes 
place. The fringe is never uniform : it is itself distributed unequally. 
You may have, with different shapes of pole-cdge, all sorts of different 
distributions of the fringe, and therefore different shapes for that con- 
necting curve. You may have all varieties in the form of the curve ; 
and until we know in any type of machine what is the general form of 
the curve, it will be impossible to know exactly how to apply calculation. 
I do not believe anybody knows what does happen in that act of com- 
mutation. I do not remember that anybody has investigated it 
experimentally : it is not an easy thing to investigate. Under these 
circumstances, what Mr. Parshall has said, in print I think, is that any 
suggestion may be equally good with any other one, and so he takes 
therefore one which at any rate lends itself to calculation. He assumes 
that what happens here is like a bit of an alternating current. You 
have got a current which is going from a positive value to a negative 
value, and there is the sketch marked 2, 2, of the bit in between. You 
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assume that it follows a half-period of a sine curve. I do not believe гено 


in that top part of the curve at any rate: it is much more probable 
that the curve falls rapidly at first. 

Now I have not touched upon the question how far the brushes 
affect this operation. It is a question how the brushes do their work, 
and with the use of carbon brushes has come a most valuable feature 
which is not half appreciated in theory, though it is certainly appre- 
ciated in fact—that the contact resistance of the carbon against the 
commutator segments shears off the current by giving a variable area of 
contact beneath the brush face, and it helps to shear off that current 
and to let it grow again in a much more uniform manner than if the 
resistance were introduced or removed abruptly. Very well, if you use 
carbon brushes they shear off the current in the loop of winding, as if 
gradually closing a valve. And on reversal they gradually open a valve 
for the reversed current. In fact the sliding carbon brush may be 
likened to a kind of slide valve for the current during its commutation. 
The resistance in that varying area of contact of the carbon brush 
plays a very great part in determining the form of that particular 


curve. With the assumption that its form is that of a piece of a sine 


curve, you are able to calculate; a sine curve being assumed to have a 
certain periodicity, which depends upon the width of brush. And then 
on this periodicity, the self-inductance of the loop, and the amount of 
current to be reversed, is based that calculation of reactance-voltage. 
Now I fail to see that we can accept in any kind of final or exact 
way (though it may serve as a rough approximation) that value of 
the average electro-motive force per section as being the electro- 
motive force with which to overcome the reactance voltage during 
the act of commutation. We want to know what is the transient value 
of the induced electro-motive force in the short-circuited loop where 
it is,in the fringe of the field; not what its average value would 
be while the loop is moving under the pole-face ; and experiments are 
badly needed in various types of machines to tell us what is the 
real true value of the electro-motive force induced in the loop, 
not the average for the whole surface, but the transient value 
during the period of commutation when it is passing through the 
fringe. If we could get at the value from instant to instant the 
information would be still more valuable. 

To me the comparison of ampere-turns on pole and of the arma- 
ture winding per pole also appears fallacious. Given the density of the 
flux, the speed and the time of commutation, there must be for a given 
type of machine a definite number of amperes per inch of periphery 
of the armature which can be commuted without spark: and that 
number will be independent of the length of the machine parallel to 
the shaft and of the number of ampere-turns of excitation required 
to produce the field. Modern practice in slot-wound generators fixes 
the limit at about 650 amperes per inch of the armature periphery. 

Much has been written on the question of commutation. Much has 
also been written on the question of the elements of design: one 
thing has not appeared, either in Mr. Hobart's paper or in Mr. Mavor's 
paper, nor in a brief and curious little paper recently written by Mr. 
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Short of the English Electric Company : that is, none of them touch on 
the question of the engines. It is useless to design dynamos if you 
cannot find reasonable engines to drive them. It is all very well to 
ask the engine-builders to build you the engines that will suit your 
dynamos, but engineers would certainly hesitate to do what Mr. Short 
asks them to do—to give you a line of engines from very small ones 
up to very large ones which will vary their speed simply inverselv in 
proportion to their normal rated power. They certainly would not 
like to do it. The number of revolutions will not go down in exact 
proportion as the horse-power goes up. Good engine design requires 
something more like a square-root rule. The whole question of 
engine design comes vitally into this question of dynamo design, and 
unless one has the engine speeds properly prescribed for the different 
sizes and takes them into consideration in the design of the dynamo, 
that design may be wholly fallacious. There is much more that 
might be said in detail on Mr. Hobart's paper : there are many useful 
things—many beautiful things in that investigation by experiment 
of the distribution of coils. Their details deserve study and con- 
sideration. But because they are details I forbear any further 
remarks. 

Mr. W. A. CHAMEN: I would only say that I am delighted to 
learn from Mr. Hobart that we are not to suppose that we shall 
not be able to continue the use of high-speed dynamos of large 
size. I think those of you who are going to visit Port Dundas this 
afternoon will see what will interest you. There are several sets 
of 1,100 and 1,200 horse-power engines running at a speed of 
230 revolutions a minute direct-coupled to various makes of dyna- 
mos, and there is one of 2,400 horse-power recently put in running 
at 180 revolutions a minute—I refer to one of the very largest Willans 
engines that has yet been built. I have felt for a long time past 
that the difficulty experienced with commutators in these compara- 
tively high-speed machines of large size has been mechanical; and I 
only rise to say that experience during the last two and a half years has 
convinced me that it is so. I think if these mechanical troubles can be 
got over, as they have been got over to a very large extent with the 
dynamos you will see this afternoon, there is no reason whatever why 
we should not go on using the high-speed engine which gives us such 
a beautifully even turning moment. 

Мг. W. B. SavERs: I am afraid that I am not in a position to 
discuss either of these papers. I feel that I ought first to read them 
and to digest them. I will only make two remarks—one refers to 
the difficulties of standardisation. It is this: if you make a line of 
machines of different sizes, but all for the same voltage, you have not got 
a continuous series of machines—each machine will be a new model ; 
the reason being that the restrictions imposed by the requirements 
for good commutation naturally result in there being a voltage proper 
to each size. If it were practicable to make the voltage suitable to the 
size of machine, just as the current output and speed are, the difficulties 
of producing a range of machines of equal merit would be vastly 
reduced. Of course limitation of the magnitude of reactance-voltage 
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and of the voltage-difference between adjacent commutator sectors has 
the same effect when the larger size machines are reached. 

The other remark is with regard to commutation. Professor 
Thompson sketched a diagram illustrating the reversal of current in 
the armature circuit at the commutation point. Now, to use rather 
unscientific language, one may say the current knows where it has to 
start from. It is, say 10, 20, 100 amperes—that is, it is equal to the 
current in the armature bars at the commencement of the reversal, but 
it has nothing to lead it up to the proper value until the short-circuited 
coil is just on the point of being introduced into the armature 
circuit. 

If the curve of change of the current-direction approximates 
sufficiently nearly to the required one, the effect of the growing 
resistance at the brush contact acts as a sort of adjustment, and the 
current in successive coils is brought to the correct value and the coils 
introduced to the circuit sparklessly ; but if the brush has too much to 
do, commutation is still effected it is true, but the current density in the 
last narrowing strip of brush contact surface is so great as to cause the 
carbon to become red-hot, and if there is still a difference between 
the values of the currents in the short-circuited coil and the armature 
at the moment when contact between the brush tip and commutator 
sector ceases, the final adjustment is made at the expense of an arc of 
greater or smaller dimension and we have sparking. 

Col. R. E. Crompton : As I arrived at such a late period of the 
discussion I ought not to have spoken, but as Mr. Mavor sent me an 
advance proof of his paper, and as I have not only read it but have had 
several sets of calculations made to see how far recent types of dynamos 
manufactured by my firm agree with Mr. Mavor’s figures, I think he 
expects me to speak, and I therefore say with much pleasure that I 
find that Mr. Mavor’s ideas are a very valuable contribution to the 
practical literature of Dynamo Design. Much that has been written 
on this subject is of no value to us manufacturers, but this is not the 
case with Mr. Mavor’s paper. 

Mr. Sayers points out that many of the commutating faults observed 
in working large dynamo machines are due to a combination of inferior 
design with insufficient mechanical accuracy of manufacture. This is 
undoubtedly true. The large diameter of the commutators which now 
have to be used requires special tools and special design to ensure that 
the commutating surfaces remain truly cylindrical, and that the segments 
are held securely in position. One of the tools which has been intro- 
duced by those who are most advanced in these matters is the one 
which I may call the “ Artillery Wheel Press” system of holding and 
compressing the commutator segments into true cylindrical form. 
This machine consists of a large number of radial plungers worked 
by hydraulic means (forcing an iron ring inwards so that the metal 
is actually * upset," and thus the ring, after the plungers are with- 
drawn, is left permanently smaller in diameter), and was introduced, 
I think, first in our Royal Arsenal at Woolwich in substitution of 
the old method of shrinking the iron tyres on to the wooden 
wheels. This machine, when applied to the compression of com- 
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mutator segments, has produced most excellent and permanently 
accurate commutators which give no trouble from the subsequent 
displacement of the segments. 

The use of this tool is really a substantial advance in dynamo 
construction, and it is to be noted that as we English constructors have 
always prided ourselves on being somewhat in advance of our American 
and German competitors in this one respect of turning out dynamos 
coupled direct to high-speed engines, we require, even more than they 
do, absolute perfection in our commutator designs. 

Mr. W. В. EssoN (communicated): I have read Mr. Mavor's paper, 
but it has failed to convince me that the introduction into dynamo 
designing of yet another term is likely to be of much service to us. 
The paper is extremely interesting as showing the way in which different 
meu set about solving the same problem ; but I do not recognise that 
this * energy-factor" gives us a term of importance, for, after all, Mr. 
Mavor's formula appears to be but a modification of that given in a 
paper of mine read ten years ago.' The latter formula gave the output 
of a dynamo as proportional to D? L r, when D is the diameter of the 
armature core, L its length, and r the revolutions per minute, and the 
coefficient, by which these dimensions were multiplied to give the 
actual output in watts, is the energy-factor if you like to call it so; in 
our drawing office it is called the output coefficient, and a very good 
name it is. There is more logic in assuming that the output is pro- 
portional to the armature surface than to the cubic contents of the 
so-called active belt ; in fact, I may go so far as to say that there is no 
rational foundation for expressing the output in terms of the active 
belt, seeing that for the same heating the output can only be propor- 
tional to the square root of the depth of the slot. Тһе D?L formula 
being recognised as expressing very well the output, we should get no 
advantage by accepting Mr. Mavor's in its place, while, for reasons 
which I need not go into now, the output coefficient increases with the 
size of the machine ; it does not remain constant as Mr. Mavor would 
lead us to believe. 

Towards the end of his paper Mr. Mavor states that the ampere- 
turns on the armature per pole should not exceed 10,000 per centimetre 
length of air-gap. I suppose the author arrived at this figure of 10,000 
by experience. Itis a usual figure and represents good practice, but I 
should like to make some observation with regard to it. In my paper 
already referred to, I used the term “ volume" to denote the product of 
the total number of conductors in the armature and the currents they 
carried. It was not a particularly well-chosen term, at least Thompson 
says so, and later he suggested circumflex instead. Well, I showed 
that with a value for the circumflex 


y= 57611 * 
the forward and cross induction at the pole-tips would be equal, the 


ы Journal of the Institution of Electrical Engineers, 1891, vol. 20, part 93, 
page 265. 

* 115 the induction in theair-gap in g.c.s. units, Z the length of the air-gap 
and $ the angle of the pole-face in degrees. 
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field being consequently nil at the brushes. I recommended as a good 
working rule that the circumflex should never exceed half of this 
critical value; then we could always make sure that there would be 
sufficient field for reversal. For example, according to my formula, 
the circumflex on a 4-pole armature having a pole angle of 60°, an 
air-gap of a centimetre, and an induction of 8,400, would be— 


288 x 8,400 
60 


The ampere-turns per pole are simply the circumflex divided by the 
number of poles, and they are therefore 10,080. This figure agrees 
pretty well with the 10,000 given by Mr. Mavor, but of course he ought 
to take into consideration the induction and the pole angle. 

There appears to be a mistake in equation (то). What Mr. Mavor 


~ 


== 40,320. 


means to say is, I presume, that the current in each conductor = - 


t ? 
= oT this product 


being ampere-turns, should not exceed 10,000 for each centimetre of 
air-gap, ог 


multiplied into the number of conductors per pole = 


С, 2Gm 
кек 10,000 A’ 


The expression 5 Е for ampere-turns is incorrect, though acci- 


2Gm. C 
Р Х? 
and incidentally it may be mentioned that with regard to ampere-turns 
the words “ per pole” are superfluous, as by the circumstances of the 
case, ampere-turns are determined by the number of poles. From this 


it will be seen that the ampere-turns on a 4-pole dynamo is half what 


` 


ом e on a 6-pole one-third, and 8-pole one- 


dentally it fits a 2-pole machine. The proper expression is 


is given by the quantity 


fourth, and so on. In addition to the quantity denoted by the term 
circumflex, I always use the term “ атреге-баг5 per pole" myself, 
never ampere-turns. 

Dealing with Mr. Hobart’s dynamos, the 1,600 k.w. machine has an 
air-gap of 1 centimetre, an induction of 9,900 and a pole angle of 12°. 
According to my formula the circumflex ought therefore to be 237,600, but 
in the machine it is actually 348,480, there being 2,640 conductors and 132 
amperes in each. This justifies Mr. Hobart's remark that the character- 
istic of his machines is high armature strength per pole ; in fact so high 
is it that with the 25 per cent. overload the field at the pole-tips is just 
on the point of being reversed, while with the 50 per cent. momentary 
overload, according to the formula, it would be actually reversed. 

Now this is very interesting, because it shows that in machines in 
which the armature teeth are highly saturated the real air-gap by no 
means corresponds with the apparent air-gap. “Тһе latter is the distance 
between the top of the tooth and the pole shoe, but the former is con- 
siderably greater than this, which explains the non-reversal of the field. 
I am not inclined to follow Mr. Hobart and run my machines so 
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perilously near a critical limit ; at the same time it must be admitted 
that armatures can be loaded up to a much greater extent than would 
appear possible from the dimensions of the apparent air-gap, and with- 
out doing harm. In all probability the magnetic resistance of the 
cross field is quite 50 per cent. greater than the apparent air-gap and 
iron parts would account for ; it may be even more than that. 

It is rarely that a paper presented to the Institution contains so 
much data as does Mr. Hobart's, and we are under considerable 
indebtedness to him for the results of his experiments on reactance- 
voltage. Briefly, the conclusions at which he arrives are, that the 
difference between the inductance of a coil laid on a smooth core and 
that of one laid in slots-is not so great as might be expected ; that 
the subdivision of the coils, within the limits of practice, has no 
material effect on the inductance, and that the shape of the slots 
within the limits of practice has little effect either. These are valuable 
results, but it appears to me that the condition of good working 
depends greatly upon the ratio of the reactance-voltage to the average 
voltage generated per segment not exceeding a certain limit, because 
the same factors enter into both. There appears to be no definite ratio 
for this in Mr. Hobart's machines. In the small ones it varies from 1 : 5 
to 1:2, while in the three large machines from 1:2, 1:2, and 1 : 24 
respectively. I can well understand Mr. Hobart's summiug up the 
matter in the rule to make the reactance-voltage as low as considerations 
of economy and efficiency permit, but it is not so clear why the limit 
should be placed at 5 volts. After all, the field fringe is responsible 
for the excellence of the commutation, and while the reactance-voltage 
can be assumed as roughly proportional to the length of the armature, 
so is the commutating fringe and so also are the volts generated in the 
machine per segment. It appears then that the terms upon which the 
average voltage and the reactance-voltage depend all cancel out, with 
the exception of the current ; and this points to the conclusion that 
there is for armatures with bars lying in slots a limiting value for the 
current which should not be exceeded. Whenever the output corre- 
sponds to a higher current the poles should be increased. I notice 
that in neither of Mr. Hobart's machines does the current per path 
exceed 150 amperes, and at this limit no trouble need be apprehended. 
In Mr. Short's paper recently read before the Manchester Section, he 
proposed for all sizes of machines 125 amperes per path ; but when, 
as compared with this, we consider machines yielding over 4,000 
amperes and having only 16 poles, such as are to be seen in the 
Berlin Central Station, it will be realised that the designing of the 
latter is a matter of greater care. 

One cannot help sympathising with Mr. Hobart in his plea for 
designs more carefully adjusted to the conditions under which the 
machines have to work. Unfortunately, however, every appliance 
turned out commercially is a compromise between theoretical excellence 
on the one hand and cheapness of production on the other, and 
dynamos form no exception to this rule. 

Mr. Н. M. HoBART : I tried last night Mr. Мауог 5 formula No. 4 for 
the reactance-voltage. It worked all right in the case I tried, and it is 


1901.] CONTINUOUS-CURRENT DYNAMOS: DISCUSSION. 241 


many times quicker than the long way round that I have been doing it, 
and I think it is very useful. Besides, as he states, the terms of his 
formula show so clearly the relations of the quantities affecting the 
reactance-voltage, that a comparatively superficial inspection of a 
machine affords data for forming an opinion as to its commutating 
properties. It is interesting to note that the periodicity of commuta- 
tion is eliminated from the formula in the form in which Mr. Mavor 
gives it. 

Mr. Kapp spoke of 1,000 volts as being the limit for commutating 
dynamos. It is my opinion, since there is now no more trouble from 
sparking and the flashing over from brush to brush which is in the 
first instance always caused by sparking, that the difficulties in design- 
ing commutating dynamos decrease the higher the voltage, except for 
the question of insulation where they are of the same nature as with 
‘alternating-current machinery. I do not know whether any demand 
for higher voltage continuous-current dynamos will arise, but so far as 
I have had occasion to work in this direction, I have found the difficul- 
ties, on the whole, to decrease at higher voltages. 

Mr. Kapp referred to Mr. Burke's interesting design for a commuta- 
tor segment for overcoming the difficulties of centrifugal force. That 
is an excellent way, and there are others that have been patented 
recently, and by using one or other of these methods I do not see why 
there need be any further concern, even with long segments, as to the 
bending of the segment. None of these devices are especially compli- 
cated; one of them has an auxiliary dove-tail, and other similar 
modifications are practicable. Hence high peripheral speeds for com- 
mutators ought to be consistent with mechanical solidity. Herr Lasche 
recently published some very interesting designs of constructions for 
large alternators, by which they are given sufficient mechanical rigidity 
by tension members instead of by heavy castings. If this should also 
prove to be practicable in connection with commutating machinery, it 
would still further advance the prospects of high-speed direct-connected 
machines, inasmuch as it would, as in Herr Lasche's alternators, lead 
to obtaining the requisite stiffness with a much smaller outlay for 
material not electromagnetically effective. 

Dr. Thompson asks for further data of the machines illustrated in 
Fig. 1. I would say that the peripheral speeds of armature and com- 
mutator are given in Table VII. The gap densities for the different 
cases ranged from 7,000 to 8,009 c.g.s. lines per square centimetre. I 
do not myself attach importance to the ratio of the reactance-voltage to 
the average voltage. In fact I have lately altogether discarded con- 
sidering the average voltage further than to keep it down as much as 
practicable in order to avoid trouble in such cases as when—after 
considerable service—the mica may become impregnated, say, with 
oil. If then the average voltage per segment is high, it does not give 
rise to the ordinary sparking, but to an incipient leakage which grad- 
ually carbonises the surface of the insulation. But as regards ordinary 
sparking, it is only the reactance-voltage which, in my opinion, is of 
importance. 

Then as regards the magnetic fringe, the commutating zone and 
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that subject in general, on which Dr. Thompson and Mr. Sayers spoke 
in a very interesting way. I find that extremely complicated to follow, 
and have never been able to make much out of it, and I think that 
success has attended shaping pole corners and modifying the air-gap 
to improve commutation, only in exceptional cases. I do not now give 
much attention to these points, but merely make the reactance-voltage 
so extremely low that so far as relates to sparking it does not make 
much difference where the brushes stand. I have designed lately a 
number of machines which carried sparklessly double' the rated load, 
and with the brushes in the geometrical neutral position. This was 
obtained merely by making the reactance-voltage extremely low. 

(Communicated November 5, 1901.)—With regard to Mr. Esson's 
observation that my machines are run “perilously near a critical” 
limit, I may say that I am of opinion that even very much higher. 
armature strengths are thoroughly consistent with sparkless commu- 
tation, when associated, as they may readily be designed to be, with 
very low reactance-voltage per segment. This will,in my opinion, soon 
be the prevailing tendency in such designs. It will obviously lead to 
greater economy in effective material, and [ look to at least equal 
excellence in performance, for, with low reactance-voltage, the regula- 
tion may be maintained good by a much less forward position of the 
brushes than is now customary. Mr. Esson's remarks remind me that 
at the time of publication of his interesting paper in 1881, I assisted at 
some tests to see whether the field at the trailing pole-tip was really 
reversed at the values of the current output which would, from consider- 
ations of the air-gap alone, lead to this conclusion. We found this very 
far indeed from being the case, but the machine was of the projection 
type with rather highly saturated teeth. Recently, however, I have had 
occasion to see a machine running with such a high overload of current 
that there were 20,000 ampere-turns per pole-piece on the armature, and 
the voltage at this current was lowered to but one-half the normal rated 
voltage, hence the tooth-density was quite low. Nevertheless, with the 
brush position the same as for normal running, the commutation was 
for short intervals—two or three minutes at a time—very satisfactory ; 
of course on longer runs the brushes, not being proportioned for 
the doubled currents, became hot, and sparking gradually appeared. 
From observations of various kinds, one is led to doubt how far 
the unstable fnagnetic fringe has been of so very much assistance. 
It is present at no load when not required, but is weakened and moved 
out of reach in proportion as it could be of use. By designing for 
sufficiently low reactance-voltage we may dispense єпигеу wah its 
егу unreliable services. 

I-do not think the dynamo-designer should give much concern to the 
choice of engine speeds except that in the interests of standardisation, 
the fewer normal speeds settled upon, the less need be the multiplicity 
of types. But it is inevitable that the dynamo-designer must meet the 
requirements for all speeds from slow-speed engines up to high-speed 
turbines ; and for use as motors, his machines are also required to run at 
some one of a great range of speeds, according to the nature of the 
work to be performed. From the dynamo-designer's standpoint, one 
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speed for a given output rarely has such very great advantages over 
another—i.e., one finds offsetting advantages and disadvantages—and 
whatever speeds the engine-builders find it of advantage to standardise 
should be fairly satisfactory to the dynamo-designer, the main consider- 
ation being that, to prevent the necessity of standardising a great many 
machines, the fewer the different speeds called for, the better. The 
dynamo-designer's task presents less difficulties in this respect than that 
of the engine-builder. 

Mr. Н. A. Mavor: Taking Professor Thompson’s remarks first. It 
is quite true, as he has pointed out, that what I have called the“ energy 
factor" of the machine тау ђе translated into average amperes per 
square centimetre, but I do not think that affects its use in any way ; 
bv whatever name it is called, it remains useful in bringing designs 
into line for comparison. 

With regard to the ratio of reactance-voltage to electro-motive force 
between commutator segments, I think that the value of considering the 
difference of potential between segments arises not so much from the 
direct effect of this value on the commutating conditions, as that in the 
value of this electro-motive force is included the value of the average 
field taken over the whole surface of the armature, and the whole matter 
is tied together in such a way that one certainly must not drop this 
factor out of consideration, although taking it as a specific value it may 
not have a direct bearing upon the question. 

Turning now to formula No. 4, the important point about this 
formula is that it enables the designer to ascertain the actual value 
of the reactance-voltage without the consideration of any extraneous 
matters ; this value being obtained directly from the watts generated 
by the machine, its diameter, turns per section of the armature, and the 
average field. Comparative experiments are thus most easily con- 
ducted without any complicated calculations. Whatever may be the 
exact form of the curve expressing the rate of change in the section 
under commutation, the average value of the reactance-voltage is 
certainly a most important element in the question. 

It is very natural and proper that the discussion on these papers 
should include the engines for driving dynamos. Hitherto there has 
been far too little consideration of the connection of the engine and the 
dynamo. The dynamo maker has designed dynamos to suit the engines 
of the prominent makers in this country, and that has resulted in many 
cases in the dynamos being inferior to what they would have been if 
designed on their own merits and for their own requirements. I think 
it is not too much for the dynamo maker to ask now that the engine 
maker should take his turn in designing engines to drive dynamos. 
One broad fact comes out quite clearly in designing large machines. 
A good machine is big in diameter. Large diameter involves low speed 
of rotation, and therefore generators which are to drive large dynamos 
direct must be of slow speed. 

In answer to Mr. Kapp's question about diagram No. 3, it of course 
must be made for each group of machines for each voltage, but in 
machines of upwards of 50- or 60-h.p. ше voltage does not seem to 
affect the cost materially. 
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The PRESIDENT :*I will ask you to accord to the two authors whose 
papers have just been read, and which have produced such excellent 
discussions, a very hearty vote of thanks. 

The vote was passed by acclamation. 

The PRESIDENT : I have now to propose for your approval two resolu- 
tions. The first is: * That the cordial thanks of members of Section 9 
of the International Engineering Congress, held at Glasgow, be given to 
Dr. Caird and the Committee of the Congress, and to Mr. Cormack, the 
General Secretary, for the admirable arrangements made both for the 
comfort and convenience of the members." I have no doubt you will 
carry that by acclamation. 

The vote was carried unanimously. 

The PRESIDENT: Then, as you are aware, this section of the Congress 
is composed largely of members of the Institution of Electrical Engi- 
necrs, and I have therefore to propose the following resolution: “That 
the best thanks of the Institution of Electrical Engineers be given to 
the University of Glasgow and to Professor Gray for their kind permis- 
sion to use the room of the Natural Philosophy Theatre of the University 
for the present extraordinary meetings of the Institution." That, 
gentlemen, I will ask you to carry in a similar manner. 

'The vote of thanks was carried by acclamation. 

Professor JAMIESON: I have much pleasure in proposing a vote of 
thanks to our President, Mr. Langdon, for the admirable way in which 
he has conducted our proceedings. 

This was carried by acclamation. 

The PRESIDENT: I thank you very much for the kind manner in 
which you have received Professor Jamieson's remarks. It has been a 
great pleasure to me to attend here. We have had a most attentive 
audience; no one could desire a more attentive or considerate one. 
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The Three Hundred and Sixty-sixth Ordinary General 
Meeting of the Institution was held at the Institution 
of Civil Engineers, Great George Street, Westminster, on 
Thursday evening November 21, І901— Мг. WILLIAM 
E. LANGDON, President, in the Chair. 


The minutes of the Annual General Meeting, held on Thursdav, 
May 3oth, and of the Extraordinary General Meetings held at the 
International Engineering Congress at Glasgow on Tuesday, Wednes- 
day, and Thursday, September 3rd, 4th, and 5th, were read and con- 


firmed. 


The names of new candidates for election into the Institution were 
announced, and it was ordered that the list should be suspended in the 
Library. 


The following transfers were announced as having been approved 
by the Council :— 


From the class of Associate Members to that of Members :— 


Wilfred H. Everett. 
W. Murray Morrison. 
S. Richardson. 


From the class of Associates to that of Members :— 
Joseph H. D. Brearley. 


C. F. Jenkin. 
E. G. Okell. 


From the class of Associates to that of Associate Menibers :— 


H. Bingham. J. W. Flower. 
C. D. Burnet. A. H. M. Francis. 
W. P. Digby. F. W. Joll. 


S. E. T. Ewing. P. C. Middleton, 
W. H. Miller. Beg 
Vor. 81, 17 
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From the class of Students to that of Associates :— 


E. L. Hocking. | P. J. Robinson. 

J. Kingston. | 5. К. Roget. 
Theodore А. Locke. | J. J. F. Shoolbred. 
G. Morrison. | A. S. Wilson. 


Donations to the Library were announced as having been received 
since the last meeting from Mr. E. Arnold, The Astronomer Royal, 
Herr J. A. Barth, Cambridge University Press, Messrs. Cassell & Co., 
Director-General Indian Government Telegraphs, General Electric 
Company of America, Mons. C. Naud, Mons. A. E. R. Collette, Mr. 
L. W. de Grave, Mr. L. M. Waterhouse, General Webber, and Dr. H. 
Wilde ; to the Building Fund from Messrs. W. J. Bishop, G. F. Moller, 
A. J. Cridge, J. A. Seager, F. H. Webb, O. V. Thomas, H. E. M. Kensit, 
G. E. V. Thomas, F. W. Clements, A. J. Wray, L. Drugman, R. C. 
Quin, and T. Cushing; and to the Benevolent Fund from Messrs. 
W. J. Bishop, F. H. Webb, R. W. Weekes, and J. P. Lawrence ; to 
whom the thanks of the meeting were duly accorded. 


The PRESIDENT : You will of course be aware that during the recess 
two eminent personages have passed away from amongst us; the first 
in the person of the Dowagcr Empress Frederick of Germany, who 
after a very long and painful illness, borne with the greatest fortitude, 
has succumbed to her disease ; and in the next place of the President 
of the United States, foully assassinated at a moment when he was 
endeavouring to afford pleasure to everybody around him. On each 
of these occasions, which occurred during the recess, letters of con- 
dolence have been addressed, in the first instance, to the Home Secre- 
tary for presentation to His Majesty, and in the next place to the 
German Ambassador to be presented to His Imperial Majesty the 
Emperor William of Germany; and with respect to the late Mr. 
McKinley to Mr. Choate, the American Ambassador in London. It 
was thought that Mr. McKinley might happily perhaps survive the 
attack which had been made upon him. Unfortunately that was not 
to be. On his demise a further letter was addressed to Mr. Choate, 
expressing the regret and sympathy of the members of this Institution 
with the loss which the American nation had sustained by his death. 
I should also mention that I telegraphed to the President of the 
American Institute of Electrical Engineers, conveying to him the 
sympathy of the members of this Institution at the loss which they, in 
common with the American nation, had sustained in the loss of Mr. 
Mckinley. I will ask the Secretary to read the several letters 
rcferred to. 


The SEcRETARY rcad the following letters :— 


“INSTITUTION OF ELECTRICAL ENGINEERS, 
* 28, Victoria Street, Westminster, S.W. 
“ August 8th, 1901. 
“То the Rt. Hon. the Home Secretary, 
Home Office, S.W. 
* SiR,—In the name of the Institution of Electrical Engincers, I 
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have the honour to beg you to convey to His Majesty the King this 
expression of our deep sorrow at the inexpressible loss which His 
Majesty, and indeed the whole world, has suffered by the death of His 
Majesty’s lamented Sister, the late German Empress, whose gentleness 
and goodness, and whose brave endurance of pain and bereavement, 
have ever caused her to be held in love and admiration by the people 
of her Fatherland. 

“I beg you also to lay before His Majesty the humble and dutiful 
expression of our heartfelt sympathy with His Majesty and the other 
Members of the Royal Family in their great grief. 

* [ have the honour to be, Sir, 
“Your most obedient Servant, 
“ (Sgd.) WILLIAM EDWARD LANGDON, 
“ President.” 


“HOME OFFICE, WHITEHALL, 
* Seplember oth, 1901. 

« Str,—I have had the honour to lay before the King the loyal and 
dutiful Message of the Institution of- Electrical Engincers, expressing 
condolence with His Majesty and the Royal Family on the death of 
Her Imperial Majesty the Dowager Empress Frederick of Germany ; 
and I have to inform you that His Majesty was pleased to receive the 
same very graciously. 

“Tam, Sir, 
“Your obedient Servant, 
(Sgd.) " CHas. T. RITCHIE. 


“The President of the Institution of 
Electrical Engineers, 
* Victoria Mansions, 
* 28, Victoria Strect, SSW.” 


^ INSTITUTION OF ELECTRICAL ENGINEERS, 
“28, Victoria Street, Westminster, S.W. 
“ August 8th, 1901. 


“ To His Excellency the German Ambassador, 
* 9, Carlton House Terrace, S.W. 

* Sig, —In the name of the Institution of Electrical Engineers, 
which, on the occasion of its recent visit, has enjoyed such great 
hospitality in Germany, I have the honour to beg that you will be so 
good as to convey to His Imperial Majesty the German Emperor this 
expression of our most profound regret at the irreparable loss which 
His Majesty and the Imperial Family, together with the world at large, 
has suffered by the lamented death of the Empress Victoria, whose 


248 LETTERS OF CONDOLENCE. [Nov. 21st, 


high personal character and rare accomplishments have caused her to 
be ever held in love and reverence by the country of her birth, as well 
as by the land of her adoption. 

“The Institution begs to offer His Imperial Majesty the assurance 
of its profound sympathy in his great affliction. 

“I have the honour to be, Sir, 
* Your most obedient Servant, 
“ (Sgd.) W. E. LANGDON. 
* President." 


“Count P. Metternich, German Minister on Special Mission at the 
Court of St. James's, presents his compliments to the President of the 
Institution of Electrical Engineers, and, with reference to his letter of 
the 8th ultimo, is commanded and has the honour to convey to him 
and to the Institution His Majesty the Empcror’s thanks for the expres- 
sion of condolence, couched in sympathetic terms, on the occasion of 
the death of Her Majesty the Empress Frederick. 

‘German Embassy, London, 

“ September 14th, 1901." 


“INSTITUTION OF ELECTRICAL ENGINEERS, 
“28, Victoria Street, Westminster, S.W. 
“September 11th, 1901. 


“The Honourable Joseph H. Choate, 
“т, Carlton House Terrace, S.W. 

. “Sir,—In the name of the Institution of Electrical Engincers I beg 
that you will be good enough to cause to be conveyed to the President 
and the people of the United States of America, the deep feeling of 
horror and disgust with which the dastardly attempt on the life of the 
President has inspired every member of the Institution. 

“We desire to tender to Mrs. McKinley, and to yourself as the 
representative in this country of the United States, our respectful and 
heartfelt sympathy in this hour of distress. | 

“We cherish the hope—stimulated by the later bulletins—that your 
President's life may still be spared; that the Almighty may vouchsafe 
to him yet many years in which to watch over the destinies of that 
great people which he has tended with so much loving care and 
judgment for so long a period. 

“I have the honour to subscribe myself, Sir, 
“Your obedient Servant, 
"(Sgd.) WILLIAM EDWARD LANGDON, 
* President." 


1901. ] LETTERS OF CONDOLENCE. 249 | 
[Copy of Telegram received.] 


“ AMERICAN EMBASSY SERVICE, 
Sept. 13th, 19or. 

“To the President, 

“Тһе Institution of Electrical Engineers, 
“28, Victoria Street, London. 

“I thank you and the Institution of Electrical Engineers for expres- 
sions of sympathy conveyed in their letter of r1th instant, which I have 
forwarded to my Government. ' 
“ CHOATE, 

* Ambassador." 


* INSTITUTION OF ELECTRICAL ENGINEERS, 
“28, Victoria Street, Westminster, S.W. 
“ September 18th, 1901. 


“ The Honourable Joseph H. Choate, 

* I, Carlton House Terrace, S.W. 

“бік, —But a few days since it was my mournful privilege to convey 
to you the expression of horror which filled the breasts of the members 
of the Institution of Electrical Engineers at the diabolical attempt on 
your President's life ; and to ask you to cause to be conveyed to him, 
Mrs. McKinley, and the people of the United States of Amcrica, the 
sympathy of the members of this Institution, combjned with the hope 
that God might spare to your country the life of one so justly honoured 
and beloved. 

“Alas ! it is now my duty to endeavour to convey to you the intense 
feeling of regret that a life so valued should have been so sacrificed. In 
our abhorrence of this crime, which has stricken a benignant lady to 
the ground, cast a nation into grief, and robbed the world of one of 
its most eminent men, our pulse beats in unison with that of your 
nation ; and I beg, Sir, that this further expression of the sentiments 
of the members of this Institution may be conveyed to your President. 

“We pray that God may suppcrt Mrs. McKinley in this her 
great grief. 

**[ have the honour to be, Sir, 
* Your obedient Servant, 
* (Sgd.) W. E. LANGDON, 
“ President." 


“ AMERICAN EMBAssy, LONDON. 
“ Seplember 23rd, 1901. 

« SIR, —I have received with heartfelt gratitude the kind expression 
of condolence and sympathy at the death of President McKinley which 
you have forwarded to me on behalf of the members of the Institution 
of Electrical Engineers. 

"I shall duly advise my Government of its receipt, and it will.be 
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highly appreciated by them and by Mrs. McKinley. Your kind message 
and hundreds of other similar communications from all parts of the 
British Dominions, carry an assurance of national friendship and good- 
will which will be most welcome to the American people. 

“ Yours sincerely, . 

(Sgd.) “ JosEPH Н. CHOATE. 
“W. Langdon, Esq., 
“ President.” 


[Copy of Telegram to the President of the American Institute of Electrical 
Engineers. ] 


* September 18, 1901. 
“ Members Institution Electrical Engineers, London, tender sincere 
sympathy yourselves and American nation in sad death President 
McKinley.” 


The PRESIDENT : Members will, I daresay, be aware that during 
the recess the Ninth Jubilee celebration of the University of Glasgow 
was held. Delegates were appointed from the various learned and 
scientific socicties to attend that Jubilee, and on this occasion, in 
common with the course pursued by many other societies and insti- 
tutions, an address was presented by this Institution. Our time will 
be so much occupied this evening that I will not read it as was 
intended. Members who are interested will find a photograph of it 
on the table. The address, which was very beautifully illuminated, 
was exhibited during the International Congress, and elicited a great 
deal of admiration. 


[Copy of Address to the University of Glasgow. ] 


“TO THE CHANCELLOR AND SENATE OF THE 
UNIVERSITY OF GLASGOW. 


“The Council of the Institution of Electrical Engineers has the 
honour to convey to the Chancellor and Senate of the University of 
Glasgow an expression of its gratification at having been invited to 
participate in the celebration of the Ninth Jubilee of that Ancient 
Foundation. 

“Тһе Council gladly avails itself of the opportunity thus afforded 
of testifying to the great debt that the Electrical Profession and Industry 
owe to the justly notorious teaching which many men distinguished in 
electrical science have received within the University walls. In 
addition to the wise facilities which the University ofters to students 
in electricity, a great attraction has been the prominent personality and 
world-wide reputation of the Lord Kelvin, who for so many years 
occupied the Chair of Natural Philosophy, and whom this Institution 
is proud to number among those who have passed its Presidential 
Chair. 
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“For its aid to the development of submarine telegraphy, for 
numerous measuring instruments of precision, and above all, for the 
eminent men whom the University has sent into the field of electrical 
industry, the Institution tenders its thanks and congratulations ; and 
the Council desires to add the sincere wish that the motto of the City 
of Glasgow will continue to be applicable to its celebrated seat of 
learning— 


“Lert GLasGow FLOURISH.’ 


* Given under our hand and seal this XXVIIth day of August, 
MDCCCCI. 
“W. LANGDON, President. 
(Sgd.) із ROBERT КАҮЕ Gray, Member of Council. 
“WALTER G. McMILLAN, Secretary.” 


I regret, gentlemen, to have to announce to you the death of .Mr. 
Bristow, who has for very many years, as you know, acted as our 
Honorary Solicitor. He has afforded the Institution on many occa- 
sions the most valuable aid, from time to time assisting us in the 
reorganisation of the rules, regulations, and principles of the Institution. 
We all sadly regret that he should have been taken away from us, and 
I am sure in that we shall have your sympathy. "The Council have this 
evening passed a resolution conveying their deep regret and sympathy 
to his relatives. : 

‘There is one other matter to which I wish to refer, the intimation of 
which I am sure will be very agreeable to the members of this Institu- 
tion. It is with unbounded pleasure that I refer to the title which has 
been conferred upon Colonel Crompton, your Past-President, who has 
taken so much interest in the Electrical Engineer Volunteer movement. 
Colonel Crompton, in recognition of services rendered in South Africa, 
has had the dignity of the Honourable Order of Commander of the 
Bath conferred upon him. We all rejoice that Colonel Crompton has 
received that recognition of his services. 

No doubt, gentlemen, you will have observed that a certain modifi- 
cation in the order of our procedure has taken place this evening. On 
previous occasions it has been the custom for the outgoing President, if 
I may so refer to him, to occupy the chair in the first instance at the first 
meeting of the session, and after certain business has been transacted to 
induct into the chair the new President. On this occasion, as you see, 
I have immediately on entering this room assumed the position to 
which you have so graciously appointed me. That proceeding is no 
doubt more in accordance with the fitness of things, because really the 
new President and the new officers carry on the duties of their office 
from the conclusion of the annual General Mecting. But, gentlemen, 
it has this disadvantage attached to it : it deprives the general body of 
members of the opportunity of testifying to the outgoing President 
their appreciation of the manner in which he has dealt with the duties 
which have devolved upon him. I am sure, gentlemen, that no 
one could have dealt with those duties more fully, more thoroughly, 
more devotedly than has Professor Perry. Іп office and out of office, 
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whatever might. be the condition or whatever might be the demands 
made upon his time—and we know that he has many demands upon 
his time —he has always been at his post, and I do not think һе has 
ever missed an ordinary general meeting, or if so it was only on one 
occasion, when I think he was in attendance upon the obsequies of 
Professor Fitzgerald. I have asked Professor Perry to be good enough 
on this occasion to present the premiums to those gentlemen who have 
been nominated by the Council for the reception of awards for the past 
session, and he has very kindly undertaken that duty. I have now very 
much pleasure in calling on Professor Perry to present those awards. 


Professor JOHN PERRY : The Council has awarded the following 
premiums for papers, etc. :— 

The Council has made a self-denying ordinance. The Council 
awarded the premiums, and they said, “the most valuable papers read 
during the session were probably by members of Council, but we will 
not give a prize to any one of them." Therefore no member of Council's 
name is found on this list. 

Professor Perry presented the awards as follows :— 


The * Institution Premium," value £25, to Mr. M. O'Gorman, 
Member. 

The “ Paris Electrical Exhibition Premium,” value £10, to Mr. W. 
Duddell, Associate Member. | 

The * Капе Premium,” value £10, to Mr. А. C. Eborall, Member. 

An Extra Premium, value £10, to Mr. J. S. Highfield, Member. 

Four Extra Premiums, value £5 each, respectively to Mr. M. B. 
Field, Member; Mr. W. Wyld, Associate Member; Mr. 
G. Ralph, Associate Member ; and Mr. F. Holden, Member. 

The First “Students Premium," value £10, to Mr. C. B. Nixon, 
Student. 

The Second “ Students’ Premium,” value £5, to Mr. F. J. Hiss, jun., 
Student. 

The Third “Students Premium,” value £5, to Mr. T. H. Vigor, 
Student. 

An extra “Students’ Premium," value £3, to Mr. J. H. West, 
Student. 

Two Salomons Scholarships, value £50 each, one to Mr. Joseph D. 
Griffin, of the Central Technical College, and one to Mr. 
Herbert Ashlin Skelton, of King's College. 

One David Hughes Scholarship, value £50, to Mr. Cyril John 
Hopkins, of the Central Technical College. 
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INAUGURAL ADDRESS. 


By WILLIAM LANGDON, President. 


During no period in the history of this country has 
commerce expanded, or the Arts, Science, and Literature 
made such rapid progress, as during the past century, and 
especially so during the latter portion of that period. For 
the reason we have not far to seek. Scarcely can a country's 
commerce advance, nor can trade flourish, without means 
of communication. Rob us at one fell stroke of our rail- 
ways, our steamboats, our telegraphs. Conceive the position ! 
Yet, during a great portion of this period such was the 
condition under which the trade and commerce of the 
country was conducted. 

With the advent of railways there sprang into existence 
a new life. A new era dawned, not only upon England, but 
upon the whole world. Intercourse was facilitated ; ener- 
gies were stimulated, and ideas more readily disseminated. 
Men no longer lived the humdrum life limited to the road 
wagon or the stage coach. Big potentialities loomed in the 
distance, and men's minds rose to meet it. Manufacture and 
commerce grew, and England became more than ever the 
great engineering and commercial centre of the world. 

Whether animated by those stirring events which accom- 
panied the advent of railways, or not, their establishment 
was soon followed by the production of the need of the 
moment, a means of communication still more rapid—that 
first great application of electrical science, the electric 
telegraph, which, coming as a handmaid to the railways, 
was shortly to link together every land and people. 1850 
saw England and the continent of Europe joined. 1860 
hailed the completion of that great enterprise which bound 
together in bonds of brotherly enterprise and unity— never, 
we hope, to be severed—the Mother-country and ше great 
continent of North America. 

Gentlemen, who shall venture to estimate the value of 
these two great inventions, these great processes by which 
the commerce of the world was electrified into new life ; by 
which nations were brought within touch and speech of 
One another!. Who shall say how powerful they have 


254 ADDRESS OF THE PRESIDENT. [Nov. 21st, 


proved as factors of peace between the peoples of the earth, 
or determine their effect on civilisation and the moral and 
material welfare of mankind ! 

To them, to their authors, England owes much of that 
greatness of which she may be justly proud ; but, richly as 
they contributed towards the advancement of the world at 
large, deep as must ever be our debt to them and to those 
who have worked with them, we do not forget there are 
others, whose brilliant achievements, if not at present so 
far-reaching in their beneficence, have greatly added to the 
lustre of the past period. We, with our feet on the threshold 
of this new century, would be ungenerous, nay unjust, did 
we, not recognise this fact and pay tribute to those other 
great discoveries which so brilliantly mark electrical progress 
during the latter portion of that period. 

The telephone! Electric lighting ! Wireless telegraphy ! 
The various applications of electricity to chemistry and 
metallurgy ! That great boon to suffering humanity, the 
discovery of the Róntgen rays, by which the surgeon is 
enabled to locate by the eye many of those internal derange- 
ments of the human frame which hitherto had to be found 
by more tedious means, and oft with pain and suffering to 
the patient. And lastly, but by no means the least, that 
outcome of Faraday's brilliant discovery of the relationship 
between the electric current and magnetism—the dynamo. 
As with wireless telegraphy, so with all these great dis- 
coveries, each marking a solid advance in Electrical Science, 
it is possible, nay, even probable, that we are still only 
treading on the fringe of something greater to follow. 

It is such events as these that raise the tone of a nation ; 
that make men feel there is something higher and greater 
than the possession of wealth for which to work. Em- 
blazoned on the annals of that period are names of which 
we, as Englishmen, may well feel proud—James Watt, 
Faraday, the Stephensons, Cooke, Wheatstone, Bright, 
Kelvin, Siemens, Swan, Wilde. Need I mention to you 
names—these and many others, labourers in the field. of 
electrical science. Names ever in your mind. Names 
recorded in history. Names that will never die! From 
them we of this century have reaped a rich inheritance, 
Great is their claim on our gratitude: great our debt to 
them. 
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It is impossible to look back upon that period to which 
I have referred—to those great and brilliant achievements 
which mark especially the latter portion of it, without associ- 
ating with it, and with them, the name of England's greatest 
Queen. The Victorian era will ever shine forth as a lustrous 
jewel in the history of the world. During no previous reign 
has art and science so progressed, has civilisation and the 
amenities of life been so richly endowed, or the ties of love 
and kinship between the Motherland and her Colonies been 
so worthily recognised, and so happily cemented, as under 
the benign influence of that life, so pure, so dignified, so 
devoted to the duties of her exalted state, given to the nation 
in the person of the nation's venerated Queen. 

Impossible as it is to over-estimate the influence which 
such a life has exercised over the nation's progress, happy 
are we as a nation in the knowledge that she who has thus 
left her name engraven not only in history, but in the hearts 
of her people, is followed by one whose devotion to the 
welfare, the advancement, and the interests of that vast 
community over whom he has been called to reign is in 
every way worthy of the great and brilliant example of her 
whose life he so nobly seeks to emulate. Gentlemen, our 
prayer is that King Edward VII. may long be spared to thus 
watch over the interests of the peoples of his great Empire, 
to promote the accomplishment of even greater achieve- 
ments, greater ameligrations of life than those associated 
with that glorious era which has marked the passing of the 
past century; that, as the reign of his beloved mother 
will ever be characterised as that of England's greatest 
Queen, so his may prove to be that of England's greatest 
King. 


The past stands before us hallowed by the magnificence 
of the work accomplished. To us it is the gift of a cen- 
tury to improve: still to advance. Competition in every 
path of life day by day grows keener. How to facilitate our 
movements; how to economise time ; how to crowd the 
work of two days into one; to be present in all places at 
one and the same time ; to cheapen production ; to smooth 
the rough  corner-stones:. of life—are questions ever 
seeking aid at the hands of the engineer and the chemist. 
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Clamouring for attention, three subjects present themselves 
for urgent consideration :— 


Тһе overcrowding of our cities. 
The advantages of electric traction. 
The economical distribution of electrical energy. 


Turn we first to :— 


LOCOMOTION IN OUR TOWNS AND BYE-WAYS. 


Writ large in the history of the past century will be the 
influence which steam has exercised in the progressive 
advancement of civilised life. Much, however, as the world 
has benefited by steam, greater still may we anticipate will 
be the benefits to be derived from electricity. The establish- 
ment of railways changed the face of the country. Towns 
sprang into existence where none existed before. Villages 
became important centres. Factories and stores gathered 
around them. Population increased, and with its increase 
has come that congested condition of life which, unless 
speedily relieved, is destined to form one of the most 
serious questions of our time. Well may we ask what is 
to be the effect of electricity on this? Is this centralisation 
of life, with all its evil consequences, to find redress in that 
electric service which is now being established in and 
around so many of our larger and more populous towns. 
Are we to look to it to again alter the conditions of life, 
create new suburbs, and carry into the rural districts some 
of those advantages which attended the establishment of 
railways ? 

No one can look around and remain insensible to the fact 
that our present mode of locomotion is destined in the near 
future to undergo great modifications. Our railways are 
becoming congested; the streets of our chief towns are 
year by year becoming more than ever blocked with traffic. 
Will the electric tramway deliver us from the latter difficulty ? 
It is very doubtful. One would say the streets of Glasgow 
were made for the electric tramcar, yet there are times 
when even there congestion is rife. What will it be in 
towns where the streets have not been laid out with that 
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liberal regard to space which characterises the streets of 
that great city ? 

The question we have to approach is one of enormous 
magnitude. It is not merely one of business, or one of 
interest from an electrical point of view, but one which, 
inasmuch as it affects the moral and physical welfare of 
a great portion of the community, must sooner or later 
affect our national welfare. We have not merely to consider 
the means of ingress and egress of that population which is 
at present residential beyond the boundaries of the chief 
towns, but that greatly larger body, the pent-up worker, 
who exists between the factory, whence he earns his bread, 
and the crowded street, the slum court, or confined alley. 
To afford them the means of living in a healthful atmo- 
sphere, beyond the precincts of the town, means something 
far beyond any present provision, or the aid to be derived 
from shallow subway tramcar services; and yet to its accom- 
plishment must we look if the moral and physical advance- 
ment we aim at 1s to be achieved. Year by year the 
difficulties consequent upon concentration of population 
become more apparent, and there exists no large town 
which would not welcome a more rapid mode of transit 
between its centre and its boundaries. How this is to be 
best accomplished is a question that must shortly call for 
grave and careful consideration, and especially so in this 
great City of London. 

The electric tramcar—those moving palaces of light— 
has come to stay; but its field in the larger towns will 
doubtless be local traffic only, and with that it will scarcely 
cope. Traffic between the city and the more distant resi- 
dential districts will require to be supplemented by a more 
direct, more rapid, and more extensive means of transit. 
If these surmisings are correct, and I believe I shall carry 
you with me in my conclusions, the relief we seek will, in 
respect of the larger towns, resolve itself into short suburban 
lines of railway radiating from one or more centres into 
the suburban districts, supplemented by a tramway service 
both in the city and in the suburban district. 

This it appears to me will prove the solution of the 
impending changes associated with city life locomotion, 
and in it will, I believe, be found the means of affording 
the pent-up population, growing more dense each year, that: 
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relief which is felt to be so necessary for the moral, social 
and sanitary condition of the people. 

But the question is one which goes far beyond the needs 
of city locomotion. Is it to the interest of the community 
that this ready means of communication should be limited 
to city or local areas? Have we not in it a means of sup- 
. plementing the utility of our railway system, so that not only 
may populous villages be provided with easy and com- 
paratively rapid means of access between each other and the 
neighbouring town, but also with the near railway station ? 
]t will be evident that to afford these facilities to rural 
districts alone would prove unremunerative. The point for 
consideration, then, is how can both municipal area and 
rural district be so served as to become a pecuniary. success 
of such a character as to extend, as population increases, its 
advantages farther afield. There can be no question of 
pecuniary success accompanying the service of the town and 
its suburban area, but will this accomplish that full benefit 
desired ? Even the suburban district of a town is by no 
means a fixture. As population increases, as districts 
become populated, as property increases in value, provided 
convenience for locomotion is established, so will the man 
of small means find it to his interest to go farther aheld— 
even to adjacent villages. To afford free intercourse 
between town and village it is apparently desirable that the 
limitation imposed upon this means of communication 
should be restricted neither by boundary of town nor 
county, but that the basis of its extent and operations should 
be as nearly analogous as possible to that of the railway 
system. How this can best be accomplished, whether by 
joint enterprise, as with the railways, or by county or 
municipal enterprise, is a question which demands careful 
and far-seeing consideration. The convenience which a 
well conducted service is calculated to afford may be, to 
some extent, gauged by the announcement made on the 
occasion of the opening of the Southall extension of the 
London United Electric Tramways Company, to the effect 
that during the previous three months between eight and 
nine million passengers had been conveyed over the 74 miles 
of electric route, then completed, at fares which did not 
amount on an average to a halfpenny a mile. To effect the 
common weal we must carry, to the farthest point remune- 
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ratively possible, the advantages which attach to this means 
of communication. By it will the resources of the provinces 
be more fully developed, and to the cottager be brought some 
of the advantages of the neighbouring town. 

As one associated with our railway system, I ask myself 
in what way 15 this service destined to affect existing railway 
interests. The question is an important and a difficult one. 
In some instances, as has been the case with the Dublin, 
Wicklow and Wexford Railway, it will undoubtedly make 
its mark on the railway revenue. In residential and in 
pleasure districts it will be most emphasised ; but, on the 
other hand, there is reason to believe that, in many districts, 
it will ultimately bring to the railways as many passengers 
as, in other respects, it takes from them. With increased 
facilities for intercourse will come the growth of local 
industries ; the desire to see what others are doing; to keep 
abreast of competitors; to see the world. Trade and a 
love of travel will be stimulated by the facilities with which 
it is nourished. 

I next turn to— 


ELECTRIC TRACTION ON RAILWAYS. 


15 electric traction, which 15 being so rapidly developed 
in towns, to prove of service to our railway systems ? 

With the economies which might be fairly anticipated, 
were our main lines of railway operated by electrical energy 
instead of by numerous steam units as at present, I have, 
to some extent, dealt previously. To many it will, I daresay, 
appear that the economies which I then set forth might 
properly have been extended. In this I agree, and I 
equally agree that there may have been charges on the other 
side which I failed to take into account. Of this, however, 
I think we must all be aware, that if it were possible to 
convert the existing systems into electrically worked systems 
great advantages should accrue. The conservation of our 
coal; the greater purification of the atmosphere; the in- 
creased cleanliness of all things forming part of or bordering 
upon the railway, are national advantages contributing to the 
welfare of the community at large. 

If such a change could be effected at once very many 
improvements in the mode of dealing with the traffic would 
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appear feasible. Thus trains might be despatched at more 
frequent intervals—trains of lesser magnitude, capable of 
travelling at a higher rate of speed. It is obvious that this 
might also, to some extent, be accomplished by the steam 
locomotive, but to do so would mean a large increase in 
the number of engines and tenders, increased engine-shed 
accommodation, and all attendant expenses. | 

In my official capacity it is not my duty to determine the 
speed at which trains should travel, but 1 cannot refrain from 
expressing my conviction that if it were possible to lessen 
the enormous difference which now characterises the speed 
of passenger and goods trains great advantages would 
follow. This can only be accomplished by lessening 
the mass of the goods and mineral trains, апа bringing 
them more under the control of the brake—a result which 
probably will never be attained under the steam locomotive 
régime. 

The advantages that would accrue from a facilitation of 
the traffic scarcely calls for demonstration. Wherever the 
traffic is of a mixed character, involving the movement of 
trains at speeds varying from, say, twenty to sixty miles an 
hour, time must, even where scheduled time is observed, be 
sacrificed ; and this loss must be greatly aggravated by the 
shunting of the heavy trains for the passing of those of a 
preferential character. The magnitude of the results arising 
out of this is not, perhaps, fully appreciated, for the existing 
mode of working the trafhc scarcely admits of its consider- 
ation. But let us assume that in shortening these slow and 
heavy trains we areable to run them at a speed of not less 
than forty miles an hour. As there would be no shunting 
for the reason that, with the exception of the express trains, 
all would be moving at about the same speed, it is clear we 
should practically double the capacity of the line, and that 
without increasing the labour charges, because, although we 
double the trains, we halve the time. The number of trains 
that would come under this category would probably be 
75 per cent. of the entire number, and if the method would 
admit of the acceleration of the expresses also it may well 
claim an increased capacity of 100 per cent. [n other words, 
such a result would avoid that duplication of lines which is 
now unavoidable and which is adding so many millions, 
year by year, to the capital account. 
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The operation by electrical means of the passenger 
traffic as it is conducted to-day would appear to present no 
difficulty, for if necessary each carriage could be provided 
with the necessary motors for its propulsion ; but to worka 
railway economically—to reap the full advantages of an 
electrical service —it is necessary that the entire traffic of the 
line, goods as well as passenger, should be worked by the 
same means. To work one class of traffic by electricity and 
the other as at present, by steam units, although such a 
course is quite practicable, would involve a large increase 
in both capital and current charges; for the cost of 
establishing and operating electrical working for the 
passenger traffic would be very little less than it would be if 
dealing with the entire trafhc, and there would still remain 
the cost attending that portion worked by the steam loco- 
motive. Such a course appears to me impracticable. 
Therefore in considering the initiatory stage of replacing the 
steam by the electric locomotive, we have to face the present 
condition of trafhc—to deal with the trains as they are 
made up for the former type of motor., Assuming it were 
determined to test the possibilities of electricity on a given 
section of a line of railway, whatever that section might 
be—whether terminal or intermediate—the electric motor 
would require to haul the trains that might reach that 
section of line as they were handed over from, or required 
to be carried forward by, the steam locomotive. It would, 
in fact, have to take the place of the latter and do its work. 
It may be said its capabilities to do this under all conditions 
has not been proved. It will, however, be clear that, 
assuming one electric locomotive incapable, there is no 
reason why two should not be coupled together in the same 
manner that steam locomotives are coupled. And in doing 
so it is worth while noting that we should reap some 
advantage, for not only would it be possible for the two 
to be controlled by one man, or one set of men, but in 
distributing the weight over a greater wheel base we 
should, to that extent, reduce the impact on bridges and 
other structures over which the vehicles pass. The import- 
ance of this will be apparent when we realise that the total 
weight of a modern locomotive and tender loaded exceeds 
100 tons ; that of this weight some 34 tons is comprised 
within a wheel base of 9 ft. 6 in. ; 26 tons and 24 tons 
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each within 5 ft. біп. Тһе tendency of the day 15 to 
increase the speed of passenger trains and the load of the 
goods and mineral trains, and to this end to employ larger 
and more powerfulengines. Ineither case this course must 
involve greater stress on both permanent way and structural 
works ; and to this extent it would appear that the two 
electric locomotives would be more acceptable to the 
engineer of the line than would the steam locomotive. 

Much interest no doubt attaches to those railway con- 
version problems in hand here and in other countries; but 
assuming them proved—assuming them to be a success, 
would that success be deemed sufficiently definite to lead 
to its adoption on main liges generally 2 I scarcely like to 
commit myself to that opinion. I have full faith. that our 
railways will be worked by electrical agency, but I want, 
with you, to look the probability squarely in the face. 
Every line of railway has its own mode of dealing with its 
traffic, and the character of the trafic is not the same on 
alllines. The only satisfactory way to prove the power of 
electricity to meet existing conditions is to impose upon it 
the work to be done. To do so on a suitably selected 
section of line would not be a great tax upon the resources 
of any one of our great railway companies, especially as it 
need not in any way, for the time being, derange the steam- 
worked traffic passing over that section of line. 

Now let us look at the subject from another point of 
view. Electricity is credited with the power of accomplish- 
ing greater speed at a less cost than steam. An impression 
is abroad that greater facilities for rapid transit between large 
centres of commerce are a necessity of the day. If it 
should transpire that electrical propulsion is inapplicable to 
main-line traffic as a whole—a conclusion which few would, 
even at the present moment, accept—it will unquestionably 
lead to the establishment, between the chief commercial 
centres, of high-speed passenger electric traction on inde- 
pendent lines. Communication between Manchester and 
Liverpool has, so far, been met—and one would say, amply 
so—by three lines of railway, all running a good train 
service, yet the construction of an electric line on the Mono- 
rail system has received Parliamentary sanction. It is an 
object lesson, and tempts me to ask whether the requisite 
powers would not have been preferably granted to one of the 
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existing lines of railway—a line of railway capable of inter- 
change of stock and of connection with other lines—to 
employ electrical agency as its motive power had powers for 
that purpose been sought. 

Nothing could be more disastrous than that competition 
of such a character as, for instance, that thus initiated 
between Liverpool and Manchester should arise. Whatever 
success may attend competitive electrical enterprise in this 
respect must be, to some extent, prejudicial to the established 
systems. If the former should prove a pecuniary success, 
the reverse must be the condition of the latter. The capital 
invested in existing railways exceeds thirteen hundred 
million pounds. The wholesale depreciation of such a vast 
sum, the interest of which forms the income of numerous 
families and annuitants, would be little short of a national 
calamity. Naturally, were independent electric lines of 
railway to be established between the chief centres of 
commerce it would still leave a large mileage of the 
existing lines of railway unaffected by them, but is it from 
those parts of a railway system that the earnings come 2 
The consequence must be, at the least, a decreased dividend, 
and probably in the end an enforced establishment on 
the older lines of a similar electric service between large 
towns. 

The work of the railway engineer is to construct railways ; 
and if the opportunity arises he will not be deterred from 
doing so by any consideration of the injury his work may 
inflict upon existing interests. The way to prevent him 
from doing so is to make it clear that there is no profitable 
need for any such addition; and this can only be accom- 
plished by the existing systems showing that they are 
prepared to avail themselves of the same means—to afford 
as far as possible the same facilities and advantages as 
are to be derived from independent electrically worked 
lines. 

It has been advanced that the existing lines of railways 
are unsuitable for higher speed ; that the stock 1s cumbrous 
and that the system is generally unsuitable. This has to be 
proved. | | 

Railways have to face the fact that electricity as a motive 
power is before them. That if it is not applied to the 
existing systems—if they do not elect to avail themselves of 
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it, it will come independently, and in competition. with 
existing interests. 

To attempt to approach the subject in a piecemeal 
fashion by dealing with a branch line here or there may 
be of service, but it can scarcely affect the main issue. 
While a small branch line is being converted, new lines 
between important centres will be constructed, and the 
passenger traffic between those centres will at least be split 
between the old and the new service. No one doubts the 
ability to apply electrical energy to branch lines, but many 
will doubt whether the trafic of a branch line can.be so 
regulated as to form a continuous and remunerative service 
throughout the day. With main lines there can be no doubt 
of a regular demand, while most branch lines can with 
convenience be dealt with from the main-line power-station. 
' Manifestly, however, if the trunk lines are eventually to bé 
operated electrically, whatever may be done in relation to 
branch lines should be done with a view to harmonise with 
that system which will be ultimately employed on the main 
line. I do not presume to indicate what that system may 
be—whether alternating, or direct current, but it is clear 
that for main lines an overhead electrical service is inadmis- 
sible ; and equally, to my mind, is a rigid or semi-rigid rate 
of speed. With a line carrying one class of traffic, this 
latter question may not be so important, but on lines 
carrying a mixed traffic this cannot be so, for the power 
to vary the speed is a factor which must have an impor- 
tant bearing upon the working of the line. The speed, 
subject to a maximum limit, must be in the hands of the 
driver. 

To those with whom may rest the privilege to establish 
clectrically worked lines I would with all respect venture to 
say : Be careful that you do not retard that great work which 
sooner or later must invite attention. In the establishment 
of light high-speed, point to point, passenger lines little 
difhculty may be encountered. It is not, however, with 
them that the interest of the country needs your aid, so 
much as in the conversion of those lines which are already 
established. It is where competition of a fruitless character 
—fruitless in that it will not prove productive of a return to 
the shareholder of the new more than to the shareholder of 
the old—steps in that capital will be squandered. 
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The observations with which I have thus far troubled 
you are the result of careful consideration inspired by a 
belief in the advantages of that new power which is before 
us. In thé meanwhile the demands of a railway service 
have to be niet by the means at our disposal. In it 
electricity is playing its part. In no way derogating from 
that useful service it has always rendered railway enterprise, 
its field is ever extending. In lighting, in local application 
of power for pumping, for lifting, traversing, and other 
purposes its utility and adaptability, wherever it has been 
applied, is such as to create a desire for its extension. So 
far it cannot, however, be said that its full advantages are 
being realised. To reap these advantages it is necessary 
that the schemes under which it is employed should be 
more comprehensive, capable of dealing with a more 
extensive service. Probably the nearest approach to this 
condition yet attempted is the high-tension generating 
station laid down by the Midland Company at Highgate 
Road, Kentish Town, which at present serves to light the 
Kentish Town, Camden Road, and St. Pancras passenger 
stations, together with the goods stations at Somerstown 
and St. Pancras, the day and night coal depot at Somers- 
town, the Midland Grand Hotel, various cranes, traversers, 
and pumps. The output of this generating station was for 
the past year 2,081,129 k.w. hours with a load factor of 
40 per cent. 

There are few railway companies who do not recognise 
the advantage of electricity for lighting their offices, goods 
yards, and depots. In no instance is space or time more 
valuable than with a railway service. The ability to load 
and despatch five trains where, under the old and inefficient 
mode of lighting, only four could be disposed of in the 
same time is equal to a saving of 20 per cent. in capital 
outlay for buildings and land quite independent of questions 
of labour and rolling stock. I often doubt, although the 
advantage of electric lighting is so freely admitted, whether 
this great and important fact is realised. The North-Western, 
the Lancashire and Yorkshire, the Brighton and South Coast, 
the Great Eastern, the Great Western, the Great Northern, 
and other companies are reaping the advantages of their 
various installations. Still there are fields of usefulness, 
embracing large economies of which advantage is not being 
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taken. These аге to be found chiefly in relation to goods 
warehouses and in the large workshops of the companies. 
The value of electricity for workshop power has been so 
fully demonstrated in papers read before this and other 
institutions ; it has been in so many cases applied with so 
much success, and attended with so much economy, that 
it is difficult to understand why it has not equally readily 
found a footing in railway workshops and warehouses. An 
object-lesson is that of the Burlington Railway Shops at 
Hanibal, Minnesota. The entire shops are operated elec- 
trically, boiler - house, lifts, turntables, cranes, etc., the 
total connected load exceeding 9oo H.P. 

The London and North-Western, the North-Eastern, and 
the Lancashire and Yorkshire Railway Companies have made 
the most use of electrical energy. Іп many instances each of 
these companies have, with evident advantage, replaced old 
and practically obsolete modes of operating cranes and 
tools by electric motors. The latter company operates its 
goods depot at Oldham Road, Manchester, entirely by 
electrical energy—lighting, cranes, hoists, and capstans ; the 
provender mill and warehouse adjoining being similarly 
operated. The new station at Bolton is to be similarly 
equipped for both passenger and goods work, and the signals 
and points of this station are to be worked electro- 
pneumatically. Many other portions of their system also 
employ electrical energy for various purposes. In their 
workshops considerable advantage has been taken of this 
source of power, always to good purpose. At Fleetwood a 
large elevator is similarly worked. The London апа: 
North-Western are preparing to work the whole of Crewe 
station electrically. The Lancashire and Yorkshire have 
also at their Lockwood and Castleton stations electric loco- 
motives, the property of private firms, moving the traffic 
of those firms. These are worked from an overhead con- 
ductor. 

That I may not labour you with many details I have, by 
the courtesy of the various responsible officers of the com- 
panies named, prepared and attached hereto a schedule of 
the chief work in this respect in operation on the principal 
British railways ; and, similarly, I am also, by the courtesy 
of the electrical engineers of these companies, enabled to 
append details of block signalling and telegraph plant, 
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Here it 1s only necessary to quote the chief features of 
these schedules, viz.: Arc lamps in operation, 7,182 ; In- 
candescent lamps, 85,683. Electric energy applied to power 
purposes, 10,527 Н.Р. In telegraphs the total mileage of wire 
employed on these lines for railway purposes approximates 
to 113,000; wires maintained for the Post Office, 86,000. 
Number of instruments, 158,597. 

In telegraphy there is little to note otherwise than to 
record a continuous growth of system. As traffic and com- 
petition increases so increase the demands on the telegraph 
service. No form of instrument has, however, proved 
of greater service in working the trains than the tele- 
phone. It has, in fact, become indispensable on all the 
main lines. 

In the interlocking of the electric block signalling instru- 
ments with the mechanical signals comparatively little 
progress has been made. The London and South-Western, 
and the South-Eastern— Chatham and Dover section—show 
the greatest advance in this respect. 

Electricity as applied to the lighting of railway carriages 
is steadily making its way. Some 3,000 vehicles chiefly 
fitted with what is known as Stone's System are now 
running. 

Why electrical energy has not made more headway on 
railways it is hard to determine. We see that with two or 
three companies it is being employed to some extent, but in 
no case to that extent which, from its known utility and 
advantage, one might anticipate would be the case. Possibly 
the ready provision of power which*will be placed at the 
disposal of most railway companies by the establishment of 
those electrical power schemes which are now taking shape 
may prove a means to this end. The cost of laying down 
generating plant is undoubtedly one reason why the progress 
has not been greater. | 


DISTRIBUTION OF POWER. 


But a few years since it was not unusual to hear electricity 
spoken of as in its infancy. More recently any such 
reference has been keenly resented and, in a measure, 
properly so, for with the invention of the dynamo, electricity 
undoubtedly passed beyond the infant stage. The genera- 
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tion of electricity is now limited only by the motive power 
necessary to produce the motion by which it is evolved ; it 
can be obtained in any quantity. But, let me ask, is not 
electricity in its application and use still in its infancy ? 
View it in its operations of to-day, and conceive within 
your mind the extent to which it is capable of being 
employed. 

Electricity is but treading on the fringe of that vast 
domain it is destined to serve. Employed at first to meet 
isolated demands, it has passed on to fulfil higher and more 
important duties ; and it is only now, in the establishment 
of those Power schemes, destined to serve large areas, fore- 
shadowed in the able address of your Past-President, Dr. 
Thompson, that we are approaching those economical con- 
ditions which will confer upon the commonwealth its fullest 
advantages. 

In the development of these schemes for the distribution 
of electrical energy, not merely for power, but for all 
purposes useful to the community at large, we as a nation 
are by no means singular. Other countries are equally 
availing themselves of them for various industrial purposes. 
Great Britain cannot boast of some of those great natural 
advantages enjoyed by other countries, but, although water 
power is not ours to command, we have in our coal fields 
a product which there is every reason to believe will prove 
of equal value. 

The time has come when we have to put to ourselves the 
question : To what extent are these schemes destined to aid 
economical manufacture, and the conveniences and needs 
of every-day Ше? То some extent this 15 ап unsolved 
problem, but that they will prove a great and powerful 
factor in all industrial operations there can be no doubt. 

Competition in the production of all marketable articles 
will in the near future be extremely keen. Equally sure it 
is that the advantage will lie with those who are able to 
produce at the least cost. It is only when we fully realise 
this that we see how important it is, in the welfare of the 
country, that every means by which production may be 
cheapened should receive our most careful and considerate 
attention. We feel that we are entering upon a contest with 
others, others possessing to all intents and purposes equal 
if not more favourable means than ourselves for the produc- 
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tion of those very articles which we propose to produce. 
We see that in the establishment of the means for furnishing 
to those who need it the power which is to aid in this 
economical commercial propaganda, other lands are in 
advance of us; that we are only now awakening to the 
means by which it is given us to compete in this race. 

The advantage of such a service does not rest merely in 
the fact that we may take and pay for just such power as we 
need, but in the fact that space—a valuable asset in most 
industries—is economised. When we compare the space 
occupied by one or more electric motors with that absorbed 
by a steam plant we cannot fail to realise that this mode of 
acquiring power is attended by more than one advantage. 

The extent to which it may be carried must naturally 
resolve itself into a question of how far it will pay to do so. 
If it is confined to those localities where population is 
already congested, it will but tend to aggravate that condition 
of life, the relief of which it is felt is becoming one of the 
most serious questions of the day. А cheaper mode of con- 
struction would admit of greater latitude, and to this end it 
might be of advantage to consider whether, in practically 
unfrequented parts, the regulations which now attend the 
use of overhead wires, would admit of such modification 
as would confer upon these schemes a status which would 
tend to place them more upon a level with those of other 
countries. | 

Gentlemen, you will, I feel, pardon me for thus entering 
upon a subject so intimately connected with commercial 
life, but the subject is one of so much material interest at 
this moment that it is impossible to ignore it, and if the 
establishment of these power schemes is to be of that service 
to our industries which may be fairly anticipated, it is of the 
greatest importance they should receive at our and other 
hands all the aid in our power. It 15 іп searching out means 
for effecting economies and securing the higher attainments 
of life that science plays its most useful part, and we must 
not forget its ultimate object. Science is but a means to an 
end. When Faraday was engaged in investigating the 
relationship between the electric current and magnetism, he 
saw that there was in his discovery that which was new, 
but he could form no fixed idea of its future utility. Others 
working upon the foundation he established, have given to 
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the world the means by which his discovery is capable of 
being serviceably applied to the ameliorations of the duties 
of life. Itis so with most great discoveries. The scientist 
lays bare the principle. Others take up his parable and 
apply it to the use of mankind. It is in its application that 
we recognise the merit of the discovery and pay homage to 
its author. Its end has been for the benefit of the beings of 
the world. Faraday had no conception of the value of that 
which was to spring from his discovery, nor even now do we 
know the depth of its value, yet there is no name more 
venerated by every disciple of the electrical profession, or 
one to whom a greater debt is due by the world at large. 


CONCLUSION. 


I feel that I cannot close, these remarks without tender- 
ing to the members my hearty congratulations on the 
progress of the Institution. Although the funds at our 
disposal are not, in the interest of the objects of the 
Institution, so great as we could well desire, and although 
we have made but little tangible progress in the establish- 
ment of a permanent home, and still, with. gratitude, record 
our indebtedness to the Institution of Civil Engineers for 
that great and generous consideration so gracefully accorded 
us in the use of this noble theatre, the Institution is doing 
work of which we have reason to be proud. The member- 
ship is a growing quantity, and with its growth the field of 
operations is widening. Local Sections are adding their 
quota to the work done, in the promotion and discussion of 
subjects material to the knowledge and development of 
electrical science; still the advantages of electrical agency 
and the simplicity of its application are largely unknown. 
Compare the simplicity of an electric motor with the details 
of a local steam or gas plant, and conceive, when electricity 
is brought to our doors and its advantages are more clearly 
understood, how much of that machinery from which 
motion is now produced will be displaced by the electric 
motor. It is for you, gentlemen, in your communications 
and papers to be read and discussed before this and kindred 
institutions to remove this deficiency, to show by what is 
being daily accomplished the economies which lie in the 
use of electricity and the advantages it possesses over other 
forms of distributed energy. 
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Nor can I abstain from tendering to you my congratula- 
tions on the work of utility which awaits your efforts. No 
profession has before it so large a field as that which con- 
stitutes the basis of this Institution. I would that 1 could 
congratulate you on the extent of work done. Electrical 
development in England has not been so satisfactory as it 
should have been. In 1877 I read before this Institution, 
then the Society of Telegraph Engineers, a short paper 
descriptive of the first application of the electric light in 
England. The system there referred to was in 1879 
employed to light the Victoria Embankment. It was nota 
success and was abandoned. For nineteen years this, the 
finest roadway in England, remained indifferently lighted by 
gas. The inauguration of the London United Tramways 
took place no less than ten years after the establishment 
of the first electric railway in London! Over-legislation— 
that great desire to protect the subject, often at the cost of 
that to which he has to look for his means of support, has, 
no doubt, retarded electrical progress, and consequently the 
production of electrical machinery. Oft do we hear the 
cry for education. Educate! Educate! Certainly, let us 
educate, but of what avail is education without experience ? 
Are our engineers deficient in education ? Do those elec- 
trical plants and installations which have been established 
indicate a want of knowledge ? Do they fail to favourably 
compare with those of a similar character in other countries ? 
Why is it that America has forged ahead in electrical 
applications in the manner she has? Is it due more to 
education than experience? It is experience that has 
gained for her engineers and manufacturers the position 
they have attained in the provision of electrical equipment. 
It is this experience that has enabled them to determine 
that which is adapted to meet the demands arising out of 
this new power ; to standardise it, and lay down plant for 
its manufacture. 

Experience can only be obtained by actual work, and 
that actual work has been, by those to whom power to put 
it into operation has been assigned, delayed till the last 
moment when, perforce, much of it has had to be entrusted 
to those who were prepared to provide promptly the neces- 
sary parts. Work has been delayed, experience sacrificed, 
and much that should have enriched British industry 
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has passed into other channels. I am sure that I do 
not stand alone in echoing the expression of the President 
of the Glasgow International Engineering Congress, Mr. 
Mansergh, the late President of the Institution of Civil 
Engineers, that what is needed is greater liberty— greater 
freedom—less restraint! Is electrical science in those 
applications to which I have referred destined to be of 
service to the public weal? 15 it now serving the ¢om- 
munity with advantage ? If so, is it desirable that Statute 
limitations should interfere to preclude or to prejudice its 
progress 2 If found to be undesirable, or in any way 
injurious, nothing could be easier than to restrain its use. 
To do so in anticipation is to stay its progress and deprive 
the country of its value. Do not let us lose sight of the fact 
that when railways were being established throughout the 
country there were towns—certain towns—that declined to 
be associated with them, but in a very short time they 
became sensible of their folly and had to seek the suffrage 
of the railway—only, in some instances when too late, for 
they have been left out of the main route, and have never 
recovered their prestige. In these distribution of power 
schemes the country has before it something of value to its 
commerce equally great. Assume that a district desires to 
be exempt in order that it may provide for itself. Unless it 
can produce as economically as the larger scheme it must 
increase the local cost of production and injure its users, or 
drive them into another area whence they may be more 
advantageously served. | 

It is in the full belief that electricity is destined to prove 
of the greatest service to the commonwealth and that its 
advantages have been too long retarded, that I have ventured 
to submit to your consideration these remarks. In doing 
so my effort has been to view the subject from that broad 
standpoint—the national interest ; the benefit of the greatest 
number. This Institution is a composite body, embracing 
within its folds every branch of electrical science, having 
various interests to protect ; but of this I feel sure that how- 
ever varied those interests may be one and all its members 
are animated by but one desire—the progress and the 
welfare of the country. We believe that electricity is to 
play a very important part in engineering work, and we are 
ambitious that England shall not sacrifice that high position 
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in engineering science which has for so long distinguished 
her. 

In what way, by what means, whether by private enter- 
prise, or by municipal effort, electrical progress is effected 
is not so material as that it is effected. So long as its fullest 
advantages are placed at the disposal of those who desire to 
avail themselves of them, you, gentlemen, as well as I, will 
welcome the means, whatever that may be. 
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Sir WILLIAM Н. PREECE, K.C.B., F.R.S. (Past-President): It is my 
very pleasant duty to have to propose a vote of thanks to Mr. Langdon 
for the address that he has just delivered to you. Mr. Langdon and I 
are very old friends; we have been colleagues together for forty-seven 
years. For nearly twenty years of the early part of our lives we worked 
industriously together to improve as far as we could the railway 
service of this country. Few of you perhaps are aware of the fact that 
nearly the whole of my earlier life was spent on the railways. I have 
always looked on my railway career as the best time of my life. Mr. 
Langdon has fortunately stuck to the railways, and he has given you 
to-night the result of the careful observation, the persistent thought, 
and the clear brain for which he has always been distinguished. I 
have one little bone to pick with Mr. Langdon. He is always cheerful 
in the transaction of his work; he has been a little doleful to-night 
about the position of the electrical industry in this country. I am 
afraid he has perhaps acquired a kind of a fashionable flavour of 
despondency that passes through our Press. Most people who take 
their views of this country from the Press will say,“ Poor old England, 
it is going to the dogs. Look at America, look at Germany ; see how 
they are surging ahead.” Why, can America, or Germany, or France 
produce a diagram like Mr. Langdon has exhibited showing the wonder- 
ful increase in the membership of our Institution? Can all the world 
put together show a curve that speaks in stronger language of the growth 
of electrical enterprise in this country? We in this room, when we 
started this Institution of Electrical Engineers, were thankful to get 
two rows of members present, and I have often lectured to one row in 
this very hall. Look at you now! If there is any new subject of any 
kind to be brought forward, do you not crowd into this room, and are 
we not all delighted to talk to you? Is that an indication of the decay 
of electrical enterprise here? Оп the contrary. Take up that estimable 
paper Lightning—it is now, I believe, called by another name—open 
the centre sheets. Week by week, do you not see new towns lighted 
up by electricity, new motive power here, and progress everywhere? 
Why, gentlemen, I am ashamed of you as Englishmen when you 
deliberately come before us and decry your own nation. There must 
be patriotism, and we must look upon our progress as encouraging. 
We must do all we can to put our shoulders to the wheel, and not go 
about rubbing our eyes and crying over what is really, perhaps, spilt 
milk. Mr. Langdon has been talking about railways. Why, we have 
made more progress in working railways by electricity in this country 
than America or anybody else. The Merscy railway at Liverpool 
started in 1892, and has been nearly ten years at work. The South 
London Railway and City and Waterloo Railway are all independent 
railways, and we claim the Central London Railway, although it was 
fitted up with American apparatus. Still it was started with English 
money, and is managed by English people, and it is on English ground. 
There was a great author who always ended his speech by saying, “I 
will never despair of my country "—and that is my case. Whenever I 
have an opportunity in this hall or anywhere else, I will persist in main- 
taining that the progress of this country is not to be wept over, but it is 
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to be received with a great deal more cheerfulness and with a:certainty 
that we are doing all we can. If there is want of progress, who are the 
culprits? Not the Institution of Electrical Engineers, not our gallant 
professors, but it is those gentlemen who hold the purse in the City of 
London who will not bring out the money to carry out these enter- 
prises. I am delighted with the address Mr. Langdon has given to us 
to-night. I have the pleasure of proposing, “That a hearty vote of 
thanks be offered to Mr. Langdon for his most interesting address, and 
that with his permission the address be printed in the Journal of the 
Proceedings of the Institution.” 

Mr. R. K. Gray : Gentlemen, I have very much pleasure in seconding 
the resolution proposed by Sir William Preece, and I think that in your 
name I may say to Mr. Langdon that we are very much indebted to 
him for his address. The address he has just given to us is exceedingly 
suggestive, and I believe that all those who have heard it will come to 
the conclusion which Mr. Langdon doubtless wishes us to arrive at— 
that there is a very large field for electrical engineers to work in. The 
views given in the address are remarkable in the fact that they come from 
the most distinguished electrical engineer in the railway service of Great 
Britain. I beg to second the resolution. 

Professor JOHN PERRY: I have to perform the last function that a 
presidential ghost can perform in putting this resolution to the meeting. 
I should like to say with regard to the curve here exhibited, and what 
Sir William Preece said about it, there is no doubt that those small 
meetings which he addressed long ago were meetings of good, earnest 
men, but it does not follow that because they were few in number that 
therefore they were more devoted individually to electrical engineering 
and electricity than every member of our 4,000. I think that we are 
now much more careful in theselection of our members than we werc even 
in our earliest days. The Pilgrim Fathers who reached Massachusetts 
in the Mayflower were few in number, and everybody descended from 
them brags about their awful morality and religiosity ; but the eighty 
miilions of Americans at the present time are trying to be individually 
just as good as every one of those Pilgrim Fathers. I have heard a 
a number of Presidents’ addresses in this place, and I think that even 
Sir William Preece's address and every address I have ever heard con- 
tained a good deal of criticism of England. We are always criticising 
ourselves unfavourably. I think it is a good thing; but whether it is 
good or bad, we cannot help doing it. This self-inspection and self- 
depreciation isa characteristic of the Anglo-Saxon people, and it is a 
most interesting thing that foreigners actually believe us to be as backward 
as we say we are. There is no doubt that this gives us a very great 
advantage, for the foreigner is deceived, and we are kept up to the mark. 
Onc does not want to create any nasty feeling between ourselves and 
other countries at the present time, but there can be no harm in referring 
to the condition of France and England 140 or 150 years ago. Do you 
know that in 1756 there actually was a belief that all Englishmen were 
cowards, that England's greatness was of the past, that there was no future 
for England at all except being wiped out? Good electrical engineers 
are all fond of reading, and so they must remember what occurred immedi- 
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ately after that date. The great Pitt came, and in 24 years we had cleared 
the French out of India. The pin-prick policy that hemmed in British 
settlers by Fort Duquesne on the Ohio was destroyed when we had cleared 
the French out of America altogether, and America became what it must 
always remain, English. So, gentlemen, as a matter of fact this habit 
we have each of us of depreciating ourselves belongs to our race and is a 
very good thing. It does not prevent our appreciation of good work, 
and this address of our President's is a good onc. It enables us to see 
more clearly all the conditions of a great problem which must be solved 
in a few years. 

Gentlemen, it is my plcasant duty to put this resolution to the 
meeting :—“ That a hearty vote of thanks be offered to Mr. Langdon 
for his most interesting address, and that with his permission the address 
be printed in the Journal of the Proceedings of the Institution." 

The resolution was put, and carried with acclamation. 

The PRESIDENT: I am extremely obliged to you for the very 
kind manner in which you have received the remarks of the three 
gentlemen who have spoken in support of this resolution. I feel 
myself greatly indebted to each for the generous manner in which 
he has spoken of myself. I quite agree with Sir William Preece 
that if the gentlemen in the room had the control of the elec- 
trical affairs of this country we should have no reason to complain. 
A great many of those who are here, are here no doubt in anticipation 
of the progress that might have been made, and probably will yet be 
made. It isa trait of our character that when we get into any difficulty 
we soon find a way out of it. If there is anything impeding the 
progress of electricity, I have not the slightest doubt that we shall see 
it removed. The question in my mind has been: Has that progress 
been so great as it might have been? I hope I have not spoken in too 
deprecatory a manner, but I certainly, personally, have entertained the 
idea that the progress might have been greater than it has been. Gentle- 
men I thank you very heartily for the manner in which you have received 
this resolution. It is needless for me to say that the address is entirely 
at the disposal of the Institution. 


Prof. Perry. 


The 
President. 
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The Three Hundred and Sixty-seventh Ordinary General 
Meeting was held at the Institution of Civil Engineers, 
Great George Street, Westminster, on Thursday evening, 
November 28th, 1901—Mr. W. LANGDON, President, in 
the Chair. | 


The minutes of the Ordinary General Meeting held on November 
21st, 1901, were read and confirmed. 


The names of new candidates for election into the Institution were 
announced, and it was ordered that these names should be suspended 
in the Library. 


The following transfers were announced as having been approved 
by the Council :— | 


From the class of Associate Members to that of Members— 
James Enright. | George Cambridge Weston. 


Messrs. A. Russell and W. W. Cook were appointed scrutineers of 
the ballot for the election of new members. 


Donations to the Library were announced as having been received 
from Mons. Guarini, and to the Benevolent Fund from Mr. M. Heaphy, 
to whom the thanks of the meeting were duly accorded. 


The PRESIDENT: I have to bring under your notice a circular 
which has been addressed to the Institution by Earl Grey with 
reference to a memorial to commemorate the services of Lord Arm- 
strong. A public meeting has been called to promote this memorial, 
and subscriptions to a considerable amount have already been received. 
The circular states that the memorial will be twofold :— 


* First, the erection of a Statue of Lord Armstrong by one of the 
most eminent sculptors of the day, in some conspicuous position in his 
native city and, second, the completion and equipment of the Durham 
College of Science in Newcastle-upon-Tyne, at which in the future as 
in the past special attention will be given to the teaching of physical 
science, in the hope of enabling the British manufacturer to keep 
abreast of his Continental competitors in all those departments of 
manufacture which depend on the application of scientific discoveries 
to industrial production.” 
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It is thought that possibly members of the Institution might feel 
disposed to contribute towards this memorial, and if so I would 
suggest that they should communicate with the Secretary to the 
Memorial Fund, Mr. Henry J. Richardson, of 67, Westgate Road, 
Newcastle-upon-Tyne. He will be very happy to receive the names of 
any gentlemen who may wish to subscribe towards the memorial, and 
furnish any information which they may desire. The contribution may 
be appropriated to either of the objects indicated. I have now the 
pleasure to call upon Dr. Drysdale to read his paper. 


A PERMEAMETER FOR TESTING THE MAGNETIC 
QUALITIES OF MATERIALS IN BULK. 


By CHARLES V. DRYSDALE, D.Sc., Associate. 


Numerous as have been the instruments devised for the 
testing of the magnetic qualities of materials, they are all 
open to the objection, from the electrical engineer's point 
of view, that they require specially prepared specimens 
usually in the shape of rods of some inches in length, 
which have to be accurately turned and perhaps faced. 
Not only is the preparation of these specimens troublesome, 
but it is very rarely that tests made on them are of practical 
value, as they cannot be prepared from the bulk of a cast- 
ing or forging. As is well known, different specimens of 
iron, however carefully prepared, may show considerable 
differences in their magnetic qualities, and what the manu- 
facturer requires 1s an instrument which shall enable him 
to determine the magnetic quality of any casting or forging, 
before a large amount of time and expense have been spent 
in machining it. If such castings or forgings could be 
tested and accepted or rejected immediately on delivery, a 
much greater certainty in the design of machines might be 
attained. 

At the discussion on the Permeability Bridge of Messrs. 
Lamb and Walker which was brought before the Institu- 
tion last session, both Mr. Evershed, Mr. Esson, and Mr. 
Hammond called attention to this want, and the writer 
feels that he is indebted to these gentlemen for directing 
his attention to the subject. The apparatus which is before 
you this evening was designed while returning from that 
meeting, and I hope that engineers may find it a satisfactory 
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solution of the problem. The importance of the matter 
must be my excuse for bringing before you a paper on such 
a hackneyed subject as iron testing. 

A permeameter for commercially testing iron or steel for 
engineering purposes should, as far as possible, fulfil the 
following requirements :— 


(a) It should be capable of testing specimens, either 
in the form of large or small castings or forgings, 
or in the form of rods or plates. 

(b) The test should be rapidly effected. 

(c) The apparatus should be self-contained and Boe: 
able. 

(d) The instruments should be direct reading, and the 
test should not require experimental skill. 

(e) 1t should be capable of testing either the perme- 
ability, the retentivity, or the complete hysteresis 
cycle. 

(f) It should be simple and strongly made, and should 
be capable of being easily checked or recalibrated 
if deranged. It should по! depend on previously 
standardised specimens. 


In the above list I think that I have mentioned all the 
most important points, and it will beseen from what follows, 
how far the apparatus now before you satisfies these require- 
ments. 

A few preliminary remarks on the principles which led 
to the design of the instrument may not be out of place, as 
they may lead to other solutions of the problem. | 

The various methods of testing the permeability of iron 
may be divided into three principal classes. 


I. Magnetometer methods. In these the specimen is 
usually in the form of a long thin rod, and its 
magnetisation 1s measured by the external 
force it produces at some point. 

II. Ring methods, in which the specimen is made 
up into a complete or split ring, the magnetisa- 
tion being measured by search coil or by the 
attraction between the two halves of the ring. 

ЈИ. Yoke methods. The specimen is here in the form 


Fic. 1.—Drill. 


Fic. 2.—Specimens showing holes and pins 


Fic. 3.—Plug. 
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of a uniform rod, and is provided with a heavy 
iron yoke or return path. Numerous devices 
are employed to determine the magnetisation. 

At first sight one would look for some form of magneto- 
meter test as being the most promising, but the difficulty ts, 
first, that in irregularly shaped bodies the connection between 
the external force and the intensity of magnetisation cannot 
easily be arrived at ; and secondly, that unless the specimen 
is very long in comparison with its transverse dimensions, 
its quality has very little effect on the field produced. It 
does not seem likely that any universal method can be 
devised which depends upon this principle. 

The objection to either of the latter methods, from a 
practical point of view, is that if the ring or bar is of any 
great size, it cannot be prepared from the casting or forging. 
If, however, we can arrange to use very small rings or rods, 
there is no reason why they should not be drilled from the . 
bulk of the metal to be tested. The rods could be drilled 
out by some form of hollow drill, while the rings could be 
easily cut out of the solid by a properly designed expanding 
drill. 

The ring method, however, suffers from the further 
objection that the magnetising and search coils have to be 
wound through the centre of the ring, which would be 
exceedingly troublesome. Moreover, it would be somewhat 
dificult to ensure the exact dimensions of the ring. We 
are thus thrown back on the yoke method, and this may be 
carried out by drilling out a straight cylindrical specimen 
from the bulk, and inserting it in a yoke as in a Hopkinson 
Permeameter. 

The writer has, in commercial testing, adopted the plan 
of making both the specimen and the greater part of the 
return path from the bulk of the material tested. A drill 
of a special form is employed, which is illustrated in Fig. 1. 
This drill cuts a circular hole in the specimen, conical at 
the top, leaving a pin in the centre of it, as shown in Fig. 2. 
In the instrument as usually made this hole is $ in. diameter 
апа $ in. deep, and the diameter of the pin is ү, in., but 
these dimensions could be considerably reduced if necessary. 

The testing arrangement consists simply of a soft iron 
plug, carrying a bobbin on which are wound two circuits, 
a magnetising coil and a search coil, and it is represented 
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in Fig. 3. The plug is split and is turned slightly conical 
on its outside surface, while the drill cuts the cone of the 
same angle as that of the plug. It will thus be seen 
(Fig. 4) that on drilling the hole and inserting the plug, 
a perfect miniature permeameter is produced, which has an 
exceedingly good magnetic circuit, and in which either the’ 
permeability, retentivity, or hysteresis can be determined 
by ordinary methods. 

Before going further into the details of the apparatus, it 
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Fic. 4.—Section through Plug and Specimen. 


will be well to say a few words about the drilling of the 
specimen. There are very few castings or forgings in which 
a hole of the size mentioned would not be admissible, 
probably in the places reserved for bolt holes, but in the 
event of its not being allowable, there is no objection toa 
boss being left on the casting in any convenient position 
for the purpose of test, and which could be cut off 
before drilling. This is analogous to the procedure. 
adopted in optical work, where for large telescopes the discs 
of glass are cast with small projections from which prisms 
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can be cut for testing. For small castings, as above men- 
tioned, it would be possible to reduce the drill and plug to 
half the dimensions above stated if necessary. The time of 
drilling appears to be about ten minutes in the case of cast 
iron, and about fifteen to twenty minutes in the case of 
wrought iron, but this appears to be a small consideration 
in comparison with the importance of the information 
obtained, and it may be possible to reduce this time con- 
siderably. 

Fig. 5 shows the connections which are most simply 
employed. The magnetising coil M C of the plug is supplied 
with current from a battery B, through a regulating resistance 
R and ammeter G,, and a reversing switch RS. Connection 
is also made from the search coil SC to a ballistic galva- 
nometer G4. On making, breaking, and reversing the switch 
deflections are obtained on the galvanometer О, which are 
proportional to the magnetisation of the specimen. 


Fic. 5.—Connections for Ballistic Test. 


In order to make the instruments direct reading it is easy 
to provide such a scale for the galvanometer G, that it reads 
the values of H. In the same way a scale is provided for G3 
reading the values of B directly. The permeability is then 
obtained, if necessary, by dividing the value of B by that 
of Н; but it is generally sufficient to: compare the values 
of B obtained with the curve of some satisfactory specimen. 

In ordinary commercial testing of castings, etc., it would 
probably be sufficient to know the value of the permeability 
for one value of the magnetising force. In this case the 
arrangement may be further simplified by withdrawing the 
resistance R and galvanometer G, and simply arranging for 
the cells to give one definite current. The divisions on the 
galvanometer G, may then be marked directly with values 
of the permeability. 
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There are, of course, other methods of taking the 
observations, and two of them will be mentioned here, as 
different engineers may prefer different methods. 

Zero-reading method.—The determination of the perme- 
ability of the iron of course simply resolves itself into the 
determination of the self-induction of the magnetising coil. 
Fig. 6 shows a very sensitive method of effecting this in 
which the magnetising coil M C is connected in one arm of 
a bridge, and an Ayrton-Perry variable standard of self- 
induction in the opposite arm. C, and C, are the two 
commutators of a secohmmeter, G, the galvanometer for 
measuring the values of H, while the galvanometer С, is 
simply a zero-reading instrument. The reading is then 


Fic. 6.—Connections for Zero Test. 


taken by rotating the secohmmeter and turning the inner 
coil of the variable self-induction standard till balance is 
obtained. The reading on this instrument can be made to 
give the permeability direct, while that of G, gives the value 
of H. The galvanometer G; must of course be calibrated 
with due regard to the fact that the current divides in the 
two halves of the bridge, and that the current is periodically 
interrupted by the secohmmeter. 

Where an alternating supply is available, the secohm- 
meter may be dispensed with and a telephone substituted 
for G,. The alternating current might be supplied by a 
portable generator. 

Direct Deflection method.—For those who prefer simply 
to turn a handle and grind out a direct reading, which 
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1S apparently the highest ideal in an engineer's instrument, 
the connections may be made as in Fig. 7. In this case 
a secohmmeter is again used, but it is connected so that 
one commutator reverses the magnetising circuit while 
the other reverses the search-coil circuit. The magnetising 
and search coils are each connected with one of the coils 
of an ohmmeter, and a magnetic needle will then give a 
reading depending on the ratio of B to H, or the per- 
meability direct, while the values of H and B are separately 
given by the galvanometers G, and G}. This method, like 
the last, has the advantage that only one winding 1s necessary 
in the plug; it makes, in fact, a simple universal method 


Fic. 7.—Connections for Direct Deflection Test. 


of measuring both resistance, and self and mutual induction. 
Provision must of course be made in this test for running 
the secohmmeter at a definite speed. 

This might also possibly be employed with an alternating 
current of definite frequency by removing the secohmmeter 
and substituting a soft-iron needle in the ohmmeter. 


COMMERCIAL FORMS OF THE APPARATUS. 


Notwithstanding the attractions which the two latter 
methods offer, I have preferred up to the present to adhere 


(Хоу. 28th, 


290 DRYSDALE : PERMEAMETER FOR TESTING THE 


"198 ZuNsay Аипаеәшіәд--8 ‘oly 


1 


29 


MATERIALS IN BULK. 


1901.] MAGNETIC QUALITIES OF 


'sjsa иоцеѕпәидеуү pue Ayyiqeauliag 10] 198 зј2]4ш05—' 


6 "о 


992 DRYSDALE: PERMEAMETER FOR TESTING THE  [Nov. 28th, 


to the simple ballistic test, as it requires only slightly more 
skill to read the ballistic throw, and the connections are 
more simple. Moreover, the handle-turning methods do 
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Fic. то. — Curves of Total and Residual Magnetisation. 


not lend themselves well to determining the retentivity of 
the specimens or their B-H cycles, but simply give the 
mean B-H curve. 
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Fic. 11.—B-H Cycle for Mild Steel. 
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The apparatus is at present made in two forms—the 
simpler, which allows of the permeability and retentivity 
being directly read off; and the second, in which the 
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Fic. 12.—B-H Cycle for Wrought Iron. 


magnetisation curve and the B-H cycle can also be obtained. 
Fig. 8 shows the former of these arrangements. It 
consists simply of a wooden case ІІ x 74 x 113 in. high, 
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containing a battery of two large dry cells, a reversing key K, 
the plug P which is connected by a long quadruple flexible 
conductor C to the key K, and to a d’Arsonval ballistic 
galvanometer G, which is marked directly in values of the 
permeability. Space is provided under a flap for the plug 
and drills. 

In order to obtain a test, all that is necessary is to drill 
the specimen, insert the plug and reverse the key. The 
pointer then swings to the value of the permeability, and 
if the circuit is then broken and twice the second reading 
taken from the first, the value of the retentivity is given. 

In Fig. 9 the complete set is shown, which differs from 
the last only in the addition of the milliammeter H and the 
resistance dial R, increasing the length of the case to 163 in. 


Ес. 13.—B-H Cycle for Cast Iron. 


The galvanometer G is then arranged to read the values 
of B and also the values of и when Н = тоо. The total 
and residual magnetisation curves are obtained as before, 
while the cycles are determined by observing the throws 
corresponding to successive variations of the resistance and 
summing them in the well-known manner. Fig. 10 shows 
total and residual magnetisation curves for three specimens 
of mild steel, wrought iron, and cast iron, while Figs. 11, 
I2, and 13 represent the corresponding B-H cycles obtained 
in this way. The annexed tables contain the readings 
actually obtained, while Fig. 2 shows the specimens which 
were employed. 
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TESTS OF MAGNETISATION AND RETENTIVITY OF MILD STEEL 


ЖЕСЕ 
ЗЕРНЕ a. 

5 3,600 | 750 

| 

75 5,700 | 1,200 
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TESTS OF MAGNETISATION AND RETENTIVITY OF WROUGHT IRON 


om | os [Ete 
еген c CERES 
ШЕ | 1,800 340 
Lote 219791 600 
| 136 | 6,370 | I,330 
197 | 8,620 1,850 
353 | 11,400 | 2,800 
^ 12,400 | 3,220 


TABLE I. 
SPECIMEN, 
Residual | 
Magneti- | H. | B. 
sation. | | 
| 
2,100 | өші 15,400 
3,300 | 765. 16,200 
5,100 | 982, 16,850 
6,000 140 17,600 
6,700 188-5. 18,400 
7,000 | | 
| 
TABLE II. 
SPECIMEN. 
Residual | 
Magneti- | H. B. 
sation. | 
| 
1,120 | 59 13,300 
2,100 | 80 14,200 
3710 IOI | 14,700 
4,000 | 132'4 15,350 
5,8co | 183°5 , 16,000 
6,0co | 


Deflection 


on Break. 


3,600 
3,900 
4,200 
4,400 
4,700 


Residual 
Magneti- 
sation. 


| 
| 
6,100 | 
6,400 | 
6,300 | 
6,550 | 


6,690 
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TABLE III. 
TESTS OF MAGNETISATION AND RETENTIVITY OF Cast IRON 
SPECIMEN. 
EZEESLY e e ea 
| 
| 2'0 1500 go | 59'2 | 5,450 1,200 | 3,050 — 
| 27 260°0 120 20 — 775 | 6,150 1,470 | 3,210 | 
| 70 | 5200 200 120 || 100°5 | 7,000 1,800 | 3,400 | 
| 10°2 goo 280 340 |1228!) 7,400 2,000 | 3,400 | 
| 18:4 | 2,100 520 1,060 | 148'0 7,800 2,050 , 3,700 | 
| 2175 | 8,750 | 2,500 | 3,750 


TABLE IV. 
MAGNETISATION CYCLE OF MILD STEEL SPECIMEN. 


| H. р. | B= yD | H. | D. В = ур. | 
| + 34 + 13,070 | + 13,070 | —337 |— 680 | — 12,960 
| + 22 — 800 | + 12,270 — 22 + 800 | — 12,160 
^ +16 — 750 | +11,520 | —16 + 800 | — 11,360 

| +135 |— 450 | + 11,070 | — 135 | + 400 | — 10,960 , 
(t7 |- 1400) + 967 — 75 + 1,500 | — 9,460 
| + 3 = 1,500 | + 8,170 — 2 | + 1,900 | — 7,560 

о — 1,750 | + 6,420 | О + 1,700 | — 5,960 | 

— 3 — 4,150 | + 2,270 +2 + 3,800 | — 2,060 | 
— 5 — 3400 | — 1,130 | + 38 | +2,300 | + 240 
— 7 | — 2,800 | — 3,930 + 75 , +4400 | + 4,640 
— 13 — 4,300 | — 8,230 | + 13 + 4,000 | + 8,604 

— 175 | — 1,600 | — 9,830 | + 17 | + 1,500 | + 10,140 
| >28 | — 1,100 | — 10,930 +25 | + 1,700 | + 11,840 
— 287 | — 1,350 | — 12,280 + 33 + 1300 | + 13,140 


me —À —— — A а. ———— -- и 
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TABLE V. 


MAGNETISATION CYCLE OF WROUGHT IRON SPECIMEN. 


+ 345 
+ 237 
+ 18 
+ 13 
+ 13 
+ 7 
+ 25 


+ 9,600 
— 450 


+ 9,600 
+ 9,200 
+ 8,750 
+ 8,350 
+ 8,300 
+ 7,500 
+ 6,300 
+ 5,450 
+ 3,950 


+ 2,000 


+ 3,720 
+ 5,620 
+ 7,020 
+ 8,420 
+ 9.370 


— M — — = 
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TABLE VI. 
MAGNETISATION CYCLE OF CAST IRON SPECIMEN. 

| H. D _ В=ур. H D ! B-zD 
| ee ОН Eos d 
+357 | +430 + 4,300 | —238 | 350 | — добо 
+255 | — 400 · + 3,900 — 177 | + 320 — 3,740 
+ 196 | — 220 +3680 | — 53 | + 70 —3,040 | 

+ 55 | — 800 + 2,880 — 33 | + 220 — 2,820 
+ 30 — 230 | + 2,650 о + 320 — 2,500 
О — 360 | + 2,290 + 3'2 + 400 — 2,100 | 
— 30 — 380 + 1,910 + 54 | + 400 — 1,700 
— 45 | — зо. + 1560 | + 98 | +1350  — 350 | 
— 70 — 650 + 910 + 16°6 | + 2,000 + 1,650 | 
—180 | —3,150 | — 2,240 + 272 | + 880 + 2,530 | 
— 232 — 870 | — 3,110 + 260 | + 750 + 3,280 | 
— 378 | — 98o | — 4,090 + 341 | + 720 | - 4,000 
—343 | — 320 — 4,410 | | 


DETAILS OF CONSTRUCTION AND CALIBRATION. 


It will be necessary to say a few words about the con- 
struction of some of the parts of the apparatus in order 
to show what amount of confidence may be placed in the 
results. 

About the drills little need be said except that they must 
all be made accurately to gauge so as to be interchangeable. 
In order to make them more easy to centre truly in drilling 
they are now made with a certain amount of relief in the 
bottom cutting edges. The form shown does not seem 
to be truly in conformity with the best principles as to 
cutting edges, and it is probable that improvements may 
be effected whereby the time of drilling may be considerably 
reduced. It is, however, the best of some two or three 
forms that have been tried. 
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The plug demands a little more attention. To make 
the magnetic joints as perfect as possible the plug is very 
carefully turned to have the same angle as the drill, and 
the central hole the same diameter as that of the pin. In 
order, however, to ensure perfect contact, the plug is split 
longitudinally as will be seen on looking back at Fig. 4, 
so that on pushing it into place it grips tightly on the pin. 
Great care is taken to have the bottom edge of the aperture 
in the plug quite sharp, so as to give certainty in the length 
of the pin used. қ 

Тһе magnetising and search coils are wound on an 
insulated brass bobbin split longitudinally to prevent eddy 
currents. This bobbin is screwed to the end of the plug 
in such a manner as still to allow of the yielding due to the 
slit, and the ends of the coils are brought up through the 
plug as shown. | 

In order to arrange for a perfectly definite length of 
specimen a standard piece of steel is kept which has been 
drilled in the ordinary manner and afterwards cut through 
near the edge of the cavity so as to expose the interior. 
The plugs are then turned or ground down until, when 
they are pushed home in this specimen, the length of the 
pin exposed is exactly half an inch. Since the value of H 


1S T the ampere-turns per centimetre length, the number of 


turns required for the current in milliamperes to equal 
106 ` 

= se ТОТО turns. 
4т X 3937 х2 

In calibrating the ballistic galvanometer it must not be 
forgotten that, being a moving coil instrument on a small 
external resistance, the damping is considerable, as indeed 
is necessary in a commercial instrument. Standardisation 
of the galvanometer by condenser is therefore unsatisfactory, 
and the best procedure is to obtain the throw corresponding 
to a known current and a known coefficient of mutual 
induction, or with a search coil and magnet previously 
measured оп some other рајуапотејег. If the search coil 
is of low resistance and is interposed in the galvanometer 
circuit the damping will be unaffected. Terminals are 
provided on the instrument which will allow of this test 
being made should it be necessary. 


H in gausses is 


* The Hibbert Standard Inductor may be conveniently employed. 
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One other matter should not be forgotten. The small 
size of the pin causes the gap between it and the search coil 
to have some influence on the results, as the coil not only cuts 
the lines passing through the pin, but those in the annular 
space between it and the search coil. The effect is not large, 
but it can easily be allowed for by the simple expedient 
of winding a few turns of wire in the magnetising and 
search-coil circuits together round a bobbin. A reading 
is first taken by reversing the current without the iron core. 
Then if D is this deflection, d, and d; the diameters of the 
pin and search coil, the deflection due to the space may be 
t D. The number of 
turns in the compensating coil is adjusted to give this 
deflection, in the opposite direction, and thus eliminates 
the effect entirely. The compensating coil is shown in 
Figs. 5 and 8 marked CC. 

The highest value of H employed is 100, which corre- 
sponds to roo milliamperes of current from the cells. As 
this is only on for the time of making and throwing over 
there should not be much trouble with deterioration of the 
cells. 

A clamp is provided for fixing the coil of the galvano- 
meter when not in use, and levelling screws are mounted 
in the base of the case. 


approximately taken as 


ACCURACY OF THE METHOD. 


The forgoing remarks will be quite sufficient to explain 
all the essential features of the instrument, and it now 
remains to show how much reliance may be placed in the 
results obtained. 

The writer at first anticipated that owing to the reduction 
of size of the specimen tested, such great accuracy could 
not be expected in this test as in those obtained with larger 
permeameters ; but on examination the accuracy obtained 
was most satisfactory, so much so as to be quite equal to 
that of ordinary tests. 

The first point to determine was of course whether the 
diameter and effective length of the pin tested could be 
relied on with sufficient certainty, and careful measure- 
ments were made on this point. The effective length of the 
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specimen was determined by drilling out some holes with 
the specimen drill and afterwards cutting a longitudinal 
section of them near the edge. On inserting the plug the 
interior of the hole could then be seen,:and the distance 
between the bottom of the plug and the end of the pin 
could be accurately measured with a reading microscope. 
These measurements were repeated several times, removing 
and reinserting the plug between each set of readings, and 
it was found that the greatest variation from the mean 
did not exceed ‘0008 of an inch, which іп a length of 
half an inch means a variation of less than *2 per cent. In 
the same way several pins were broken out of the holes 
after being drilled ; and the greatest variation of the diameter 
. was found to be less than half a mil, or of less than т per 
cent. of the area of section. 

It will be seen from the above that the results may there- 
fore be relied on to within 1 per cent. as far as the dimen- 
sions are concerned. As before mentioned, special care has 
been taken in the construction of the split plug that the 
most perfect magnetic contact is made exactly at the point 
where the pin enters the plug, as otherwise the effective 
length might be greater than that measured. 

The readings appear to reproduce themselves with the 
most perfect accuracy. In a deflection of 230 divisions 
obtained with a certain value of the current in a cast iron 
specimen a variation of one division in the deflection 
was very rare, although the plug was taken out and re- 
inserted between the readings, and no particular care was 
used in replacing it. The perfection of the magnetic joint 
obtained by the conical fit appears to be all that can be 
desired, and is certainly better than can be obtained by 
any ordinary faced joints. 

Some fear was at first felt, that the great disproportion 
between the sizes of the specimen and return path might 
lead to error, as too low a flux density in the return path 
would imply a low permeability. Careful tests have been 
made on this point by turning down the outside of a drilled 
specimen and taking magnetisation curves between each 
turning down. The result, however, has shown that the 
reluctance of the return path may be taken as negligible 
whenever the external diameter of the specimen exceeds 
the diameter of the hole by more than an eighth of an inch, 
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It may be asked whether the drilling of so small a 
specimen does not injure the pin. No trace of any twisting 
has been found although frequently looked for, and the 
consistency with which the results agree even in different 
drillings, seems to show that the method is reliable. 

The wearing of the drill is finally a point of considerable 
importance, and it is one upon which little experience has 
been obtained as yet. The experimental drill which was 
first made up about six months ago and has had a fair 
amount of use, has never been sharpened and shows no 
sign of wear. 

In conclusion, I can only hope that the method will 
commend itself to engineers, and that it will be found 
satisfactory after extended use. So many testing instru- 
ments which have been born and carefully reared in the 
laboratory develop troubles when exposed to the rough 
conditions of commercial work, that it behoves one to be 
cautious in predicting the ultimate success of a new one. 
So far as it is possible beforehand to guard against such 
difficulties, I think it has been done, and from the experience 
we have had of the apparatus, under somewhat rough 
conditions, in the laboratories of the Northampton Institute, 
during the past six months, I have every confidence in its 
behaviour. 

The sole point upon which experience is required is in 
the drilling of the specimens. We have never yet found 
any trouble in drilling specimens of metal such as can be 
put on a lathe, but for larger castings, etc., some form of 
portable drilling machine would be necessary. I have. not 
yet used the drill in such a machine, but I am assured by 
many engineers that no difficulty would be experienced. 
Should any difficulty be found in getting the drill properly 
centred, it would probably be well to drill a shallow hole 
first, with an ordinary twist drill or rose cutter, and any 
trouble as to the wearing of the drills could be avoided by 
keeping a standard drill for a finishing cut. There is, 
however, no reason at present to.suppose that such ex- 
pedients would be necessary, and in any case all trouble 
would be avoided if small projections were left on the 
castings or forgings and cut off before drilling. 

Finally, I must express my most cordial thanks to my 
assistants at the Northampton Institute for the help they 
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have given me in the construction of the apparatus and its 
testing. I am especially indebted to. my Senior Demon- 
strator, Mr. Jolley, who superintended the construction of 
the first apparatus, and who has carried through the tests ; 
and thanks are due to Mr. Greenfield, who worked out the 
form of drill, and Mr. Phillips, who assisted in some of the 
tests. To Mr. Marinier I am obliged for the diagrams 
which have illustrated the paper. 


ADDENDUM. 


It has been noticed from the outset that the magneti- 
sation curves obtained by the permeameter now described, 
differ from those ordinarily given for iron and steel, in that 
the rise is much less steep than usual. At the time of 
sending in the paper it had not been found possible to 
compare the test taken with this permeameter with one 
taken by some other method, and no reference was there- 
fore made to this point ; but tests have since been made by 
taking a circular specimen of mild steel, and turning part of 
it down to a rod half inch diameter, which could be used in 
an ordinary yoke permeameter, while another portion was 
drilled and tested by the new method. The magnetisation 
curve obtained with the new permeameter on this specimen 
fell considerably below that given by the ordinary method 
at low induction densities, but at a magnetisation for which 
Н was approximately тоо, the curves crossed, and the 
readings taken with the new permeameter then reached a 
higher value than that given by the other. 

The lowness of the readings at low inductions might be 
accounted for in three ways— 

(a) By bad magnetic joint between the pin and plug or 
between the plug and yoke ; 

(b) By the magnetic reluctance due to the spread of the 
lines at the point where the pin entered the return path ; and 

(c) By the permeability of the return path being very 
low, owing to the great disproportion between the sections 
of the pin and the return path. 

As to the first cause, although the shape of the curve 
would naturally suggest something of this kind, the magnetic 
joint as before mentioned seems to be perfectly satisfactory. 
This is borne out by the fact thatat high induction densities 
the new instrument gives higher results than the older one, 
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which would be accounted for by the reluctance of the 
return path being less at these high densities, and that the 
yoke is consequently less saturated. 

Tests on the third point were made, as stated on p. 302 of 
the paper, by drilling а cyliridrical specimen of considerable 
diameter, taking a magnetisation curve and turning down 
the outside of the specimen until the return path was 
considerably reduced. The magnetisation curve was again 
taken, and this process was repeated three or four times. 
Had there been a high reluctance of the return path owing 
to the low density of the flux, it should have been found 
that on first turning the outside of the specimen down the 
magnetisation curve should have been made steeper ; but this 
was not found to be the case. Until the specimen was so 
reduced that its exterior diameter was only about 72 inch 
greater than its internal diameter very little effect could be 
seen on the magnetisation curve, while on further reduc- 
tion of the external diameter the curve dropped lower, 
showing that the reluctance was then increased. 

The cause of the difference between the readings with 
this permeameter and the ordinary methods must therefore 
be sought for in the effect of the ends of the specimen, and 
this is to be anticipated since the length of the specimen is 
only five times its diameter, instead of between twenty and 
thirty times its diameter, as in the ordinary yoke permea- 
meters. It should not be forgotten, however, that the ratio 
of length to area, or the reluctance to the pin, is very nearly 
the same as in the ordinary specimen, so that the difference 
is not so serious as at first sight would appear. The effect 
of the ends of the specimen can however be allowed for by 
experimental methods, such as that employed by Professor 
Ewing, and the scale of the galvanometer reading H can be 
calibrated to suit this. This makes the instrument less 
easily checked than it would otherwise be, but the correction 
is a fairly definite one, and is the same for all instruments 
if the dimensions of the plug are standardised. 

An obvious method of eliminating this effect would be 
to increase the length of its pin or diminish its diameter. 
The former course seems inadvisable, as it would consider- 
ably restrict the range of usefulness of the instrument, 
while any reduction of the pin beyond the dimensions 
given would make the drilling far too delicate an operation 
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to be undertaken under ordinary works conditions. I should, 
therefore, prefer to adhere to the dimensions before stated 
for commercial work, correcting the scale as mentioned, 
while for work where the highest accuracy is required I have 
tried a drill turning out a specimen one-twentieth inch in 
diameter, and in which the reluctance is therefore increased 
four times the value. It seems perfectly possible to obtain 
specimens with this drill, and where accuracy is required 
and more time can be given there is no doubt that it 
can be used. 

The main point, however, from the practical point of 
view, and this instrument is essentially intended for 
practical engineering use, is whether the instrument will 
give readings which will indicate the quality of any 
casting or forging, and whether reliance can be placed in 
the results so obtained. There seems to be no doubt that 
this is the case, and further, that when the scales are 
properly prepared the readings of the instrument will give a 
very close approximation to the absolute values of the 
various quantities to be measured. 


Mond Mr. S. EvERSHED : I am sure you will all agree with me in admiring 

the very practical apparatus which has been brought before us to-night. 
I think at first sight one feels a little discouraged by the complexity of 
all apparatus for testing iron, but I do not think we ought ever to expect 
to get anything very much simpler than the ordinary ballistic galvano- 
meter test, especially when carried out by an apparatus such as we 
have before us, made especially for that purpose. We are rather apt 
to compare such tests with other very simple things, and I think we 
ought to congratulate Dr. Drysdale on having brought us something 
which is, at all events, as far as preparing the specimen is concerned, 
tantamount to testing a piece of cheese. But although I admire the 
apparatus very much I am going to criticise it a little. 

The first essential in all ballistic tests is that the test should be 
carried out in such a manner that you are certain to obtain accurate 
results, and that is one of the drawbacks to all the yoke methods, 
which always involve joints. Joints possibly do not lead to trouble in 
the Northampton Institute, and they do not give any trouble in Cam- 
bridge, I am told ; but I find by experience at our works.(and I expect 
it is the same in many other works) that they do lead to trouble. In 
the plug there is a conical joint which one may pass over; its area is 
very large, and probably it makes a very perfect joint. But the pin 
where it passes into the plug necessarily leaves a very small air-gap ; 
and I think the evidence of the curves themselves is sufhcient to show 
that the air-gap has a practical influence on the results. I will draw 
your attention to figure 12, from which you will notice that the residual 
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induction appears to be something of the order of 5,400 for wrought Mr. ed. 


iron. That, in my experience, is an extremely low figure. It is more 
probably due to the fact that the joint has a certain amount of resist- 
ance. If you test a complete ring turned out of wrought iron you will 
very rarely indeed find the residual induction less than about 9,000. 
Dr. Drysdale has given one explanation of the fact that these carves 
are not the same as those obtained by ring methods ; but I hardly 
think his explanation is sound, because any explanation which һ15 to do 
with an error in the calculation of the magnetising force of lnc coil, 
cannot apply at a point where the magnetising force is zero ; and I 
think that in all probability the joints do account for a certain part of 
the apparently low permeability of the samples of iron. The same 
remark applies to mild steel, but one cannot be so positive about that 
because mild stecl varies very largely. 

I quite agree with Dr. Drysdale in shunting the secohmmeter. It 
is not an instrument which is safe for use in testing iron, because you 
are really using an alternate current to magnetise the iron, and you 
cannot possibly tell how much of the apparent self-induction is due to 
eddy currents, or, in other words, to the fact that the iron is a conduc- 
tor and acts like a secondary circuit. I think one must rely on the 
ballistic galvanometer. But I want to point out one other source of 
error in this particular method of testing—one which is perfectly easily 
corrected by making a small alteration in the connections of the instru- 
ment. I gather from the paper that Dr. Drysdale's method is to take 
deflections which give the differences in the induction corresponding 
to successive increments in the current. I think it is something like 
ten years ago that Mr. Vignoles and I showed that that method led to 
curves which had too small an area, especially in testing solid speci- 
mens of iron. It does not occur quite so much in the yoke sample as 
it would in a ring; but still it is always there. During the time you 
are preparing to take the next deflection, the magnetisation of iron 
(as Professor Ewing-showed long ago) changes as the molecules turn 
round and get into line with the others. The result is that your next 
deflection does not start at the point where you left off, but from a 
point higher up. The only way to get over that of which we knew at 
the time when we made our experiments ten years ago was by winding 
two primary coils, and always taking deflections from one point. 
For example, one could take the whole deflection from the negative 
maximum by breaking the current in one of the primaries. You take 
the whole deflection at once from the negative maximum to any point, 
and before proceeding to the next point you carry the iron right up to 
the positive maximum and down to the negative maximum—that is, you 
begin again every time on the same point, and in that way you get 
curves which really represent the proper hysteresis cycle. Some years 
afterwards you may remember that we showed in a series of articles in 
the Electrician that the area of the curve obtained in that way agreed 
within the errors of observation with the hysteresis loss on alternate 
currents of a fairly high frequency. I do not think that you could have 
a better test than that. 

To go back to the joint, Dr. Drysdale is no doubt aware that 


Mr. 
Evershed. 
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Professor Ewing in his work on magnetisation goes into the question 
of joints and the amount of pressure to be applied to a joint practically 
to eliminate its effect. I think a little study of Professor Ewing’s work 
will lead Dr. Drysdale so to improve his plug that the joint-effect 
which is noticeable in the curves will be entirely eliminated. But it 
seems to me that these are matters practically of detail. I fecl certain 
that Dr. Drysdale is on the right track, and I heartily congratulate 
him. 

Mi. Г. Т. Сі,А2Евкоок : Dr. Drysdale has given so very clear an 
exposition of the method of his instrument and of the results obtained 
by it, that he has not really left very much room for discussion. With 
Mr. Evershed, I feel considerable doubts, however, as to whether Dr. 
Drysdale has got over the effect of the joint. First, the extreme 
smallness of the pin and the fact of a joint round the top end of 
the pin (considering that slight variations there will produce very 
large effects) must, I think, constitute a distinct weakness in the 
method as it has been explained to us at present. Then, I do not 
feel quite convinced by Dr. Drysdale's explanation of the method of 
correcting for the small air-gap between the pin and the search coil. 
He did not happen to mention the amount of that correction —possibly 
it is so small that my criticisms hardly apply—but, as I understood, 
he works it out practically on the assumption that the distribution of 
the lines of force in the air-gap between the air and the search coil is 
the same when the iron is there as when it is away. I feel grave 
doubts as to whether that is the case. My impression is that the 
distribution of lines of force in that narrow air-gap is considerably 
modified by the presence of the iron. And then there was another 
point which I think perhaps affects the whole method. The want of 
an instrument such as Dr. Drysdale has put before us is very fully 
realised by all who have worked at all at this matter, and I suppose 
the idea of endeavouring to get a search coil into the interior of the 
iron casting is one which must have occurred to many people ; I 
think we may congratulate Dr. Drysdale on the way in which he has 
carried out that idea. But I do not feel certain than an instrument 
which takes the coil to a depth of $ of an inch at most into the interior 
of the casting, really gives us the information that we wish. He said 
that in some cases where it was inconvenient to get into the casting 
you could have rods or lumps put on the casting and cut ой; but 
have you any security that such lumps or rods have the same nature 
magnetically as the interior of your casting ? or even if you do not use 
lumps or rods, have you any security that the shell of your casting 
through ё of an inch of its surface is really the same as the iron in the 
interior? If I might suggest to Dr. Drysdale a sort of test experiment 
that occurred to me as he was reading his paper, it would be this—that 
he should take a casting of considerable size, that he should bore 
holes over the surface of that casting and get a series of tests of the 
surface ; then that he should cut through the casting and make a series 
of tests of the interior on the new surface so obtained. He would 
then be able to show to what degree of accuracy the instrument would 
work, or how far it was satisfactory to make a test in that § of an inch 
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of the surface. Some test of that kind appears to be needed before we NER 
should feel satisfied that the method will give us the information that | 
is needed, as I understand, by engineers when they are constructing 

large machines and are dependent on the nature of the iron or steel in 

the interior of large castings. 

Mr. W. B. EssoN: On the occasion when Messrs. Lamb and Mr Esson. 
Walker's paper was discussed, I believe I said that what was required 
was some kind of instrument for testing iron where you merely turned 
a handle and got your reading. What I intended to imply was that we 
wanted simplicity; but if my unfortunate remark about turning a 
handle induced Dr. Drysdale to produce the instrument shown in 
diagrams 6 and 7 I am very sorry, because the instrument shown in 
figure 8 is so much superior in every way that it is really a pity he took 
the trouble to devise the other two. A good deal has been said about 
difüculty with the joint; but this is important merely with reference 
to the point from which you regard the instrument. If you wanted to 
make scientific tests, laboratory tests, then, of course, the joint is an all- 
important matter, but when dealing with large castings what we really 
want to make are qualitative tests. We want, in most cases, to compare 
Standards with castings sent in for use, and simply to tell whether the 
castings come up to the standard. From that point of view the joints 
have little importance. The great point is, to insure that the pins will 
always be of exactly the same diameter. I foresee that there may be 
considerable difficulty with the drilling ; but apart from that I cannot 
see any objection to the use of the instrument. With regard to the 
testing of castings in bulk, I think we must give up the idea of being 
able to do that. The process adopted up to now has been to test 
sample bars; and in testing those there has been no guarantee, of 
Course, that they would be the same as the bulk. But Dr. Drysdale's 
instrument is really a considerable advance because there is a great 
deal more likelihood that the properties of the casting as a whole will 
correspond to the specimens at the $ inch depth, than there is that they 
will correspond to those of a mere bar cast quite separately from it. 
Mr. Glazebrook naturally wants perfection, but even if you bore a cast- 
ing through and through and find that the tests so made correspond 
with the tests made at a depth of 5 of an inch,is there any guarantee 
that the next casting tested would give the same result, and that it 
would not be full of blow-holes in the middle? 

I think the instrument devised by Dr. Drysdale will, to use a rather 
hackneyed expression, “meet а long-felt want.” It is very pretty 
indeed ; he has put it in a very practical shape as shown in figures 8 
andg. What we really want is, as Dr. Drysdale says, not to carry the 
curve completely through ; because it so happens that in castings to 
which his instrument is applicable we do not care very much about the 
hysteresis. What we care about is the permeability, and to know what 
that is within a comparatively narrow range. His instrument is excellent 
for that purpose. For testing hysteresis loss we have Ewing’s instru- 
ment. Where hysteresis loss is all-important, the iron or steel is always 
in the form of thin bars. 

Мг. W. M. Моврех : There is no doubt as to the great importance Mr. Mordey. 

Vor. 81. 21 


Mr. Mordey. 
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of this subject, and I am very glad indeed to see it tackled in sucha 
pretty and, I hope, successful and practical way. When Professor 
Ewing read a paper on a permeability measurer two or three years ago 
I gave examples of the difficulties that dynamo makers experience in 
not being able to test the iron in bulk before working onit. I instanced 
two large machines exactly alike, externally and internally, as far as one 
could tell. The castings were made by the same people at the same 
time, and yet the difference of the excitation of these two machines 
was 70 per cent. But I am afraid that if.Dr. Drysdale’s instrument ts a 
success, as I hope it will be, he has destroyed the last line of defence of 
the electrical designer. What are we to say when our designs do not 
come out quite right in the matter of speeds, etc? We shall not be 
able to turn round and blame the iron. The author says it is probably 
sufficient to know the value of the permeability for one value of the mag- 
netising force. To go back again to that same occasion when Professor 
Ewing brought before us an instrument the sole object of which was to 
measure the permeability at one value, I pointed out that I did not 
think he would long be satisfied with such an instrument, as one value 
was not sufficient to tell us what the whole curve was like. I remember 
some one else in that discussion—I think it was Мг. Hawkins—showed 
that three curves of iron crossed at one point but were quite different 
in other parts of the curves. I think that is sufficient to show that 
Professor Ewing was right in giving up the instrument which he then 
described to us, and bringing out, as he has done since, an instrument 
which measures the permeability at a number of points. I have one 
or two criticisms that I should like to make of the author's method — 
probably the points have already received his attention. One of them 
is that a great deal very often depends upon the physical state of the 
iron. I am afraid the process of tooling will lead to quite incorrect 
results, by affecting the physical state of the iron, unless some 
process of annealing is adopted afterwards. It may be said that 
as you will always get the same kind of effect, you will get, at any rate, 
comparative results, which need not exactly represent the permeability 
but which may be useful when some constant is applied to them 
obtained by comparing the results obtained with those from the 
completed machines. "Then, of course, there are the difficulties which 
have been mentioned as to the variation thoughout the mass of the 
metal. The local variations of permeability and resistance in iron are 
sometimes considerable. In aluminium, for instance, you get the same 
sort of effects. I daresay many of you have noticed the irregular speed 
of a motor meter with an aluminium disc—it seems to be due to little 
local differences of hardness causing variations in the resistance. The 
author of the paper, I think, is too modest in describing the system as 
one suitable only for measuring in bulk. As the bulk required is really 
very small, it might be very well used for measuring small samples 
quite as well as large ones. Personally I must express a preference 
for weighing methods. It seems to me that Professor Ewing is 
probably right in having adopted weighing methods. After all, the 
pull one can get with a magnet is a very tangible thing; and if 
there is nothing to read but the current and the position of a weight 
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on a beam there is as great simplicity as can ever be expected in any 
apparatus for such a purpose as this. However, I congratulate the 
author on this instrument, and I hope it will be found very useful 
in this art of ours. 

Dr. R. M. WALMSLEY : I wish to congratulate Dr. Drysdale, who is 
my own chief assistant, publicly upon this instrument, which, in my 
opinion, may lead to a revolution in commercial methods of testing 
iron. I am very pleased to know that the practical men who have 
preceded me in the discussion have united in a chorus of approval, only 
interfered with by criticisms which refer to details. I had noted four 
points for criticism, but every one of these has already been dealt with. 
I would like, however, to emphasise one point made by Mr. Esson, 
namely, that although the curves may not be those which you get with 
careful laboratory experiments—and here I may say I quite agree with 
Mr. Evershed that the effect is probably an air-gap effect, the slope of 
these curves being far greater than it ought to be according to what we 
are accustomed to expect from iron—when we are testing with solid 
plugs like these, we are not testing iron in the shape of plates which are 
to be used for armature cores or for the cores of transformers, but we 
are testing the iron in the shape in which it is to be used in positions 
where it is not to be subjected to rapid reversals of magnetism. 
Whether, therefore, the hysteresis curve is too small or too great is, 
as far as this method of testing is concerned, a matter of very small 
consequence. 

The conical shape of the plug has been devised not so much for the 
purpose of getting a large contact surface on the outer surface of the 
cone as for the purpose of getting a good grip upon the smaller surface 
inside. The plug is split, and, as it is driven home, it grips down on 
the pin, and it is on that surface that the air-gap occurs and not so 
much on the other larger surface—the contact between the outer iron 
and the plug. I should also like to emphasise the point that the whole 
magnetic circuit of this test, except the small amount of iron in the 
plug, is of the material under test. There is only a small quantity of 
foreign material in the circuit, and in this respect the method differs 
from other methods of testing which have been devised on the yoke 
system. | 

Mr. S. F. WALKER : I should like to raise a practical point оп the 
instrument shown in figure 8 which I think Dr. Drysdale has not 
looked into. It is a thoroughly practical instrument, and I entirely 
agree with the author of the paper in leaving out resistances. The 
instrument has to go into a workshop and to be handled by men who 
should not be troubled unnecessarily with resistance coils, contacts, and 
the like. But in leaving out the resistance coils you are dependent 
upon the E.M.F. of your battery being absolutely constant. I never vet 
knew a battery, however, which would keep its E.M.F. absolutely 
constant for many hours, or even less, as you want it to be here. I 
would suggest, therefore, that a scale might easily be formed, giving 
different values for different values of the E.M.F. of the battery ; it is 
then a simple matter to take the voltage of the battery before you start 
your test and read off your scale. 
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Mr. Lr. B. ATKINSON : It is now some two or three months since I 
had the opportunity of seeing one of the first of these very ingenious 
instruments which was then, I believe, in its initial stages. At the time 
I was extremely sceptical of the results that were possible from such an 
instrument. Dr. Drysdale has removed much of the doubt that then 
existed in my mind ; but the point that does occur to me with regard to 
the paper is that he has proved everything except that the instrument 
gives the permeability of the specimen. I have only had the oppor- 
tunity of going quickly through the paper and of hearing his lucid 
explanation of the instrument, but there appears in the paper to be no 
direct comparison of the result obtained with this instrument with 
those more ordinary methods to which we are accustomed—either the 
ordinary permeameter with the bar and large blocks, or the coil and 
circular ring. Possibly he will be able in his reply to inform us that he 
has made such tests and that the results are coincident ; but the fact 
remains that the curves he shows us bear out what has already been 
indicated—that the air-gap has, at all events in the earlier part of the 
curve, a very considerable effect on the result. _ Notwithstanding this 
criticism, there is no doubt that the instrument has a great field for 
practical engineers wishing to determine rapidly whether there are 
those very wide differences, at all events between specimens of iron, to 
which Mr. Mordey has alluded. The methods shown in figures 6 and 
7 devised to enable engineers to turn a handle do not appeal to me 
atall. I am quite confident, as Mr. Evershed has pointed out, that the 
results will be largely affected by the conductivity of the specimen, 
which may or may not have anything to do with its magnetic proper- 
ties. The return path is also to some extent an admitted factor in the 
results which he will get. 

I would like to suggest that two drills should in all cases be provided, 
one a roughing-out drill, and the other a finishing drill which is only to 
be used when taking a final cut. It is the experience in making all gauge 
work, that it is absolutely necessary to rough it out first, and then 
to finish it with a tool that is not going to have any ordinary wear 
upon it. 

Mr.S. Joyce: All manufacturers of dynamos and electrical machinery 
will thank Dr. Drysdale for the instrument he has put before us. It 
has been somewhat severely criticised by Mr. Evershed and other 
speakers ; but, from what Dr. Drysdale states, the different observations 
in a test vary so slightly that the effect of the air-gap, which is no doubt 
indicated in the curves, must be of a permanent nature, and can there- 
fore be allowed for ; so that the information that manufacturers really 
want can be obtained, namely, a comparative value obtained with 
some well-known tested sample. We are not going to take hysteresis 
cycles for masses of cast steel. 

I should like to say that I am afraid the sizes of the steel employed 
in the shells of some motors do not admit of being tested in this way, 
because the shell of the motor generally is so thin that the size of the 
hole required cannot be obtained in it. After all, the trouble which 
we generally experience is not in this part of the structure so much 
as in the poles, which may contain a mass of carbonaceous matter, 
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wanting in permeability and quite unreachable by the drilling. How- 
ever, as a dynamo maker, I congratulate Dr. Drysdale, and thank 
him heartily for having brought before us this exceedingly practical 
apparatus. | 

Professor J. PERRY: We all congratulate the author on his very 
beautiful instrument, but I want toask hima question on a point which 
he has probably thought out. There is a pin produced by the drill. 
Why not cut that pin out, turn it up a little smaller, and then test it in a 
small permeameter? The longer you make the pin and the smaller 
in diameter, the more you will get rid of all difficulties about the resist- 
ance of joints ; moreover, you can take a great number of specimens, 
with less waste of material, all over your casting. 

Prof. F. G. BAILY (communicated) : In the instrument designed by 
Dr. Drysdale a new line has been struck, in which originality and 
boldness are equally conspicuous. To obtain magnetic measurements 
of the metal in the block is undoubtedly an achievement of practical 
importance, even though the results obtained may not prove to be of 
extreme accuracy, and while I venture to criticise some points, I do not 
wish to imply that the instrument is of no practical utility. 

The use of a ballistic galvanometer in a portable commercial instru- 
ment is open to the objection that the observed swing is a function of 
the damping. In the laboratory this is of little importance, since the 
decrement may easily be measured, or the calibration, carried out at 
the time, may be arranged to allow for damping. But when an instru- 
ment is sent out into the world with a definite scale, any change in the 
damping will introduce an error. Now the friction of the pivots is a 
very variable quantity, and while in steady deflexion instruments 
friction is immaterial, so long as it is less than a certain not very small 
quantity, in the present instrument the difference between a fairly easily 
and a very easily swinging coil will considerably affect the readings, 
rendering necessary a correction table and a determination of decre- 
ment, or the adoption of one of the direct deflexion methods proposed 
by the author. 

The second source of inaccuracy is more serious, and is the result 
of the very short magnetic circuit. All who havespent time in design- 
ing magnetic measuring instruments will know what a host of possible 
errors haunt the apparatus. Length of magnetic circuit is the only 
certain alleviation for many of them, and the present instrument 
disdains this method without introducing any other. What is the 
reluctance of the part of Dr. Drysdale’s circuit at and beyond the 
section where the pin meets the solid? Until he knows the magnetic 
properties of the sample, he cannot tell, and even then the calculation 
islaborious if accuracy is required. His experiment of reducing the 
thickness of the return path tells us nothing, for the extreme reduction 
left an area sixteen times greater than' that of the pin, and the reduction 
did not in the least affect the part just beyond the exposed part of the 
pin. A reference to Prof. Ewing's paper (Proc. Inst. Civ. Eng. vol, 
cxxi., part 4) gives experimental proof of the magnitude of this correc- 
tion, and proves that it is not constant for the same specimen under 
different conditions, nor is it constant for different specimens under the 
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same conditions. At an induction of 10,000, with a ratio of length to 
diameter of specimen slightly greater than that used by Dr. Drysdale, 
the error in the value of H was 45 per cent. with soft iron, and 27 per 
cent. with soft steel. Judging from the figures given in the paper I do 
not find that Dr. Drysdale has made any allowance for this at all. He 
might at least have taken an average figure for it, and reduced the 
error by a considerable amount. 

Another error of small size will be introduced by the snall diameter 
of the pin. There will be a certain thickness of somewhat modified 
metal, caused by the pressure of the tool. The thickness will depend 
on the bluntness of his drill, and in any case the affected material will 
form an appreciable part of the small area of his pin. 

While it may be objected that these criticisms are based on theory, 
I may reply that the scale of his instrument is also theoretical. The 
tests that are shown do not prove anything about the instrument, except 
to show that the ballistic galvanometer works well. There is no proof 
that the readings are the real values of B and H. We cannot take the 
specimen and test it independently by another method, because it is too 
small. If the inventor will show us magnetic curves of soft iron, cast 
iron and mild steel, obtained from large annealed rings by a search coil 
and ballistic galvanometer, and the same curves obtained by several 
borings in these same rings and the use of his instrument, both sets of 
curves expressed in c.g.s. units, all independently calculated and with 
no correction tables, then we may safely believe in his apparatus ; but 
I shall be agreeably surprised if there is not an error as large as Іо or 
I5 per cent. in parts of one or other of the curves with the present form 
of instrument. There is no doubt that the idea is very ingenious and 
the details beautifully designed, but I should hesitate to condemn a 
sample of iron on its evidence alone, until it has been more rigorously 
tested. In spite of these objections, however, the apparatus will give 
us an approximate knowledge where previously we had no means 
of obtaining any at all, and it should therefore be of considerable 
utility. 

The PRESIDENT: Dr. Drysdale has given us a very interesting 
paper. He has placed it before us in a most interesting manner, 
and I feel quite satisfied that he will be very grateful for the 
opinions that have been expressed in relation to his invention. I 
will ask Professor Drysdale to be kind enough to reply. 

Dr. DRYSDALE in reply (communicated): I regret that time did not 
permit of my giving detailed replies to the various speakers at the meet- 
ing, but now take the opportunity of doing so. At theoutset, however, I 
may say that a number of the points raised in the discussion concerned 
the behaviour of this instrument as compared with the ordinary 
permeameters. It was found impossible to get much evidence on this 


point before the setting up of the paper, but since that time a few 


experiments have been made, and a short account of them was handed 
in before the commencement of the meeting, and will appear when 
it is finally printed. 

In reply to Mr. Evershed, the question as to the perfection of the 
joint is, of course, an all-important one, but I am perfectly confident 
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that any one who has fclt the fit of the pins in the plug, and thc grip 
which is produced when the plug is forced into the cone, will be quite 
satisfied that the joint is far more perfect than in almost any other 
permeameter. Although the specimen is short its small area renders 
its reluctance about the same as that of the test rods usually employed, 
and the fact that only one joint is made with the specimen, the other 
plug joint being of very great area, makes the magnetic circuit exceed- 
ingly good. In proof of this, as I have before mentioned, the magne- 
tisation curve obtained with this permeameter rises higher than that 
taken with a Hopkinson yoke at high induction densities, although it is 
lower at the outset. This effect could not possibly be produced if an 
appreciable air-gap existed. Mr. Evershed instances the amount of 
residual magnetisation in the wrought-iron specimen as evidence 
in support of an air-gap being present. I have just looked up some 
lests of a wrought-iron specimen taken with a Hopkinson yoke some 
time before the new permeameter was devised, and I find that the 
residual magnetisation is slightly less than that given in Fig. 11. I may 
say that the specimens employed in each of these tests were of very 
soft iron, and I think it probable that Mr. Evershed's own tests must 
have been with some more retentive specimens. 

A further objection that Mr. Evershed raises is to the use of a 
secohmmeter, in that it produces eddy currents in the specimen. This 
point has of course not been overlooked, but it must be remembered 
that as the specimen is of such small dimensions the eddy current 
effect is exceedingly small, and so long as the secohmmeter is not runat 
an excessive speed there would probably be little error from this cause. 
It is for this reason that I have felt justified in employing secohmmeter 
and alternate current tests which would not be allowable if the speci- 
men were of larger area. The remaining point which Mr. Evershed 
criticises is the method of getting the hysteresis cycles by a summation 
method. I attach little importance to the obtaining of the hysteresis 
Cycle in commercial work, as the cases in which this permeameter will 
be used are for specimens which are not subjected to varying mag- 
netisations ; it was rather as a matter of interest that I showed they 
could be obtained. Although, however, I am aware of the creeping 
effect to which Mr. Evershed alludes, I am inclined to think that the 
reduction of the diameter of the specimen reduces this error consider- 
ably, and this view is to a certain extent strengthened by the fact that 
the cycles which have been obtained close very perfectly, although 
the steps taken are by no means regular. If viscous changes occurred 
in the specimen to any extent, it is more than probable that the cycle 
would not be perfectly closed unless the steps taken in increasing and 
diminishing the magnetising force were the same. 

Dr. Glazebrook also expressed some doubts as to the perfection of 
the joint, but my remarks on Mr. Evershed's questions will apply to his 
criticisms. 

With reference to the matter of the compensating coil, of course 
Dr. Glazebrook is perfectly correct in stating-that the assumption made 
in finding the turns on the compensating coil is not scientifically allow- 
able. I was careful to state in the paper that it was only an approximate 
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method, but Dr. Glazebrook will see that this matter is only of theo- 
retical interest, when I tell him that the whole difference between the 
true values of the induction and the observed values due to the inclu- 
sion of the surrounding field is not more than 5 per cent. at the outside. 

The next point which Dr. Glazebrook mentions is of course of 
exceedingly great importance, viz., as to the uniformity of the material 
tested. There is no question that different parts of a large casting may 
differ to a considerable extent in their qualities, especially if it has 
required more than one pouring to produce the casting. In this case, 
however, there is no reason why more than one drilling should be 
made, as the value of the casting would justify such a course. We have 
not yet had time to investigate the interior of the casting in the manner 
that Dr. Glazebrook suggests, but we have tried several drillings on the 
same specimen, with the result that the values of the permeability 
obtained have not differed as a rule more than about 2 or 3 per cent. 
Some of these drillings were made at thc edge, and some near the 
centre of a somewhat thick plate. 

I am glad to find that Mr. Esson is so favourably disposed to the 
instrument, and that he, as well as Mr. Mordey, has practically shown 
how exceedingly great the differences are that are practically met with 
in the quality of magnetic materials. While we have variations of 70 
per cent. in the excitation, as Mr. Mordey mentions, on account of the 
variation in material, matters as to the possible influence of small joints 
or even of comparatively small variations in the quality of various parts 
of the casting are of small importance. It is perfectly clear that where 
such large variations occur even one single drilling would most pro- 
bably give a very fair indication of the general character of the casting, 
and I am quite confident that if the results obtained by this instrument 
are only correct to 10 per cent. they will be of immense assistance in 
practice. | 

Mr. Esson appears to be very frightened by the formidable appear- 
ance of the secohmmeter connections. Although personally I do not 
care for these methods, it would be quite possible to include these in a 
simple test set. The sole real objection to them is in possible trouble 
with the contacts. 

As to the effect of the tooling of the pin on the result, this is no 
doubt an important matter. There would be no difficulty at all in 
annealing the pin in place by a blow-pipe flame if required, but a 
careful study, both microscopically and otherwise, of the pin, has 
convinced us that practically no strain is given by the cut. I do not 
think that we shall have any difficulty in standardising everything so 
that the sizes will always be perfect. 

Mr. Mordey seems to prefer a weighing method of getting the obser- 
vations : I do not think it would be advantageous to apply that method 
to this test, but it might be donc. He also asks whether we could not 
drill a cylindrical hole only without the cone, but I think, as other 
speakers have realised, that the cone is the essence of the matter. I do 
not think you will get a good fit either on the pin or the outside of the 
plug without the conical fit, and the drilling is made but slightly more 
difficult thereby, | 
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A further point Mr. Mordey raises is an interesting onc, asto whether Dr 


the permeability at one point, such as would be given by the smaller 
· testing set, would be sufficient. Although Mr. Mordey quotes instances 
of curves which cross one another, this, I think, must be a somewhat 
rare experience, and I fancy in this case that, although the curves cross, 
the difference between the values at other parts of the range cannot 
have been very great. For ordinary commercial purposes I am inclined 
to think that the test at one point would be sufficient. 

Dr. Walmsley points out, as I have before remarked, that the cone 
in the plug is for the purpose of giving a firm grip of the pin, and not 
for giving any additional area of contact. It is, however, also of service 
in getting an accurate fit, the contact between two cones being pro- 
bably the most perfect that can be obtained, as is evidenced by resist- 
ance boxes. 

Mr. Walker raised an important point as to the constancy of the 
battery. In the larger set, where both H and B are measured, this is a 
point of small importance, as no variation of the cells affects the accu- 
racy of the reading : in the smaller set, where no ammeter is provided, 
any falling off in the cell would of course mean error in the results, but 
this is easily obviated by having a low resistance shunt in the battery 
circuit and a two-way switch which enables the galvanometer to be 
connected to the shunt. The current given by the battery can then be 
tested at any time, and if necessary, just before and just after a ballistic 
throw is taken ; this arrangement will be provided in future sets. It 
was at first proposed to employ accumulator cells, which, when fully 
charged, give a very constant E.M.F., but the difficulty of having these 
charged and kept in good condition seems to me a considerable objec- 
tion to them, and I think that the dry cells, if checked in the way I 
describe, will be perfectly satisfactory. Provision will of course be 
made to allow of the renewal of the cells when necessary. 

Mr. Joyce, as a dynamo maker, realises that the most important 
matter from the practical point of vicw, is to be able to ascertain 
whether the permeability of the specimen is up to a standard or not. 
I do not admit that there is any appreciable air-gap at all in the 
magnetic-circuit, but so long as any end effects are constant, the 
indications of the quality will be satisfactory. Of course if there isa 
large mass of inferior material in the centre of a casting the readings 
would not be representative, but in that case the remainder of the 
metal would in all probability be spongy, and this would be detected 
either in drilling or testing. v 

As to the thin shells of machines, I have already stated that there 
would be no difficulty in having such castings made with small 
projections for testing. 

Mr. Atkinson objected that I had not given any direct comparison 
of the results of the new method with those obtained by orthodox 
tests. In the addendum to the paper which I have above referred to, 
I have given a statement of the effects observed up to the present, but 
I am anxious to have further evidence before coming to a perfectly 
definite conclusion. There seems to be little doubt that at the bottom 
of the range the new permeameter gives results which are too, low, 
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while at high saturations the ordinary yoke methods give too low 
results ; at inductions for which H has a value of about 100, the two 
methods give practically identical results. 

As to the use of two drills, which Mr. Atkinson advocates, I have 
referred to the possibility of doing this in the paper. I am inclined, 
however, to think that if the whole operation can be performed with 
one cut it will be more satisfactory, not only from the point of view of 
time, but because it is exceedingly difficult to get a second drill accu- 
rately centred with the roughing drill, and unless the centring in this 
case is exceedingly perfect there isa chance that the pin will be sheared. 
In our experience the cut given by the single drill has been so perfect 
as to leave nothing to be desired. 

Professor Perry asks why the pin should not be simply drilled out 
and placed in a Hopkinson yoke such as I exhibited. This was what 
that yoke was intended for: the arrangement was made to suit an 
ordinary 10 B.A. cutter, the rod could be drilled out and placed directly 
in the yoke. I have no objection to this process, but think that the 
one I proposed will be found more convenient in practice, and the 
yoke method has the disadvantage that you have two joints on the small 
pin, instead of one as in the plug form. It is also to some extent an 
advantage to have the return path as much as possible in the bulk of 
the metal, as any influence of the quality is made still more manifest. 

Professor Perry thinks that it might be an advantage to turn down 
the pin and anneal it before placing it in the yoke, but as I have before 
said, the metal does not seem to be in any way injured by the drilling 
process, and no turning could make the fit more accurate than that 
obtained with the drill. In order to make the reluctance of the pin 
greater, and the effects of the ends or air gaps less, I have tried a pin 
of zs inch diameter. Professor Perry approves of this course, but he 
must remember that the drilling is thereby made much more critical, 
and moreover small flaws in a casting might render it impossible to get 
any results at all. I think the уб inch drill may possibly be of service in 
investigation work, or possibly in consulting work, and I am therefore 
having such plugs and drills further experimented with. 

Mr. Esson, on the other hand, has since told me that he would have 
no objection to a drill twice or three times the size; in fact, for large 
work he would much prefer it as giving less chance of breakage of 
either the pin or drill. I am very glad to hear this, and will arrange 
to have larger drills and plugs made; it is, of course, quite easy to 
arrange by resistances, etc., that the readings given by different types 
of plugs would be the same. 

In reply to Professor Baily, the first point that he raises is as to 
the variation of the damping in the galvanometer. As I specially called 
attention to the effect of damping on page 300 of the paper, it is hardly 
likely that I should have overlooked the effect of variation of the 
damping. І do not think that І have anywhere stated in the paper that 
the galvanometer is a pivoted one ; as a matter of fact it is an ordinary 
suspended moving coil instrument. As this galvanometer is working 


on a constant external resistance there is no reason to anticipate any 
change in the damping. 
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The next point that Professor Baily raises is as to the effect of the 
length of the pin. I am very sorry that, owing to a reorganisation of 
my laboratories this summer, hardly any experimental work could be 
done until a little while before the reading of the paper, and I have 
been consequently obliged to refer to these matters in the addendum, 
which will be printed with it. Professor Baily will sce when this 
appears that I have taken into consideration all the points which he 
has brought up, and I have also suggested that the scale of the galvano- 
meter could be empirically calibrated to allow for these cffects. I 
must join issue, however, with Professor Baily as to the valuc of my 
experiment in turning down the outside of the cylinder in which the 
drilling was made. My fear had been that the exceedingly large area 


of the return path might have led to the reluctance of it being com- 


paratively high owing to the iron of that return path being worked at a 
very low induction density, and I consider that this experiment con- 
clusively proves that this effect does not exist. The area of the return- 
path was, as Professor Baily says, reduced to sixteen times the area of the 
pin, but this ratio is many times less than in any ordinary yoke permca- 
meter. Professor Baily mentions that this reduction did not in the 
least affect the part just beyond the exposed part of the pin, but, as a 
matter of fact, when turning down the cylinder we also turned off one 
end so as to make the thickness of metal and the annular part at the 
bottom of the hole the same, and the effect appears to be very small. 
I do not, however, attach much importance to the bearing of this on 
the effect of the concentration of the lines. 

I am obliged to Professor Baily for his reference to Professor 
Ewing's actual paper on the effect of the ends of the specimen, as 
although I knew the matter had been investigated by Professor Ewing, 
I had not ascertained the exact amount, and I am pleased to find that 
Professor Ewing's results confirm my expectation that the whole of the 
deviations between the results obtained by this method and by ordinary 
methods can be accounted for by the shortness of the pin. Professor 
Baily, however, appears to think that this error is inherent in the new 
method, but it is purely a matter of the proportions you choose to give 
to your pin. For commercial purposes, as I have before stated, I 
prefor to work to the dimensions given in the paper, and even possibly 
to use larger ones as suggested by Mr. Esson, while for laboratory 
testing there is no reason why the drilling should not be made 1 inch 
deep instead of + inch and the pin reduced to yy inch diameter. This 
would give as great a ratio of length to the diameter as is used in the 
recognised yoke permeameters. 

Professor Baily speaks of the error caused by the tooling on the 
small pin. I havealready stated that I think this is quite negligible, and 
as a matter of fact, we have tried a specimen before and after annealing 
it, the results being almost identical. If the drill became blunt there 
is no doubt that difficulties might be caused, but as the drill is not a 
costly item and it could certainly take between fifty and a hundred cuts 
without re-sharpening, it should most certainly be discarded as soon as 
any blunting occurs. 

Finally, Professor Baily states that he would hesitate to accept or 
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reject a specimen of iron on the evidence of the permeameter. With 
due respect to him, I must point out that as far as this is concerned 
the instrument is absolutely perfect from the dynamo maker's point 
of view. If two specimens differ from one -another by 2 or 
3 per cent. in their permeability, the instrument will show it, whether 
the absolute values of the permeability are correct or not. It is 
perfectly easy for a dynamo maker to have by him a few specimens of 
iron which have been found to give satisfactory results, the drilling 
may be made, and the yokes of actual machines, and the indications of 
the instrument may be perfectly safely trusted as to whether any other 
specimen comes up to this standard or not. From the commercial 
point of view, as a rule, nothing more is neccssary, and there can be 
no question that such tests would be of the utmost possible importance 
to all concerned in the employment of iron or steel for magnetic 
purposes. Of course I am anxious to have the apparatus correct from 
the scientific point of view as well, as its applications in research work 
are very numerous, but I see no difficulty whatsoever in obtaining this 
accuracy, and shall immediately proceed to secure it and to publish 
evidence on the point. I only regret that under the circumstances 
above mentioned it was impossible to do so before. 

In conclusion I must cordially thank all those who took part in the 
discussion for the kind way in which they have received this con- 
trivance, and the approval which they have expressed of it on the 
whole. I have been very glad to have the criticisms which have been 
brought forward, and am also glad to be able to say that every one of 
them are on points which we have already taken into consideration. 

Although, as I have quite admitted, there are some criticisms to be 
made on the theoretical side to the instrument, I am perfectly satisfied 
with its commercial suitability, and I am also confident that, with a 
little more work, it can be made at least as accurate, if not much more 
so, than any permeameter hitherto devised. 

The PRESIDENT: You have already accorded to Dr. Drysdale by 
your hearty applause your appreciation of his paper, for which we all 
thank him very much. 
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THE PHYSICAL PROPERTIES OF CERTAIN 
ALUMINIUM ALLOYS, AND SOME NOTES ON 
ALUMINIUM CONDUCTORS. 


By ERNEST WILSON, Member. 


By permission of the British Aluminium Company 
the author is able to make use of the results obtained 
from experiments made upon certain light aluminium 
alloys given to him to test. The experiments were made 
at King’s College, London. The tensile properties and 
linear coefficients of expansion were found by Mr. H. M. 
Waynforth, A.M.Inst.C.E., in the Mechanical Engineering 
Laboratory, and the rest of the work was carried out in the 
Siemens Electrical Engineering Laboratory. 


COMMERCIALLY PURE ALUMINIUM. 


The purest aluminium obtained commercially contains 
traces of iron and silicon, giving about 99°6 per cent. of 
aluminium in the finished product. All aluminium may be 
said therefore to be used in the alloyed state. Table I. 
gives the result of tests made with aluminium wire, "126 in. 
(32 mm.) diameter, containing '31 per cent. Fe. and ‘14 per 
cent. 51. It was tested in three states—(1) as received ; 
(2) after being annealed in an oil bath at 100° C., and 
allowed to cool slowly in the oil; (3) after being annealed 
at 4309 C. for two hours and allowed to cool in air. Experi- 
ment shows that in state (1) this wire returns to its original 
length after the application of any stress up to 16,000 lbs. 
persq.in. The effect of prolonged loading upon .tensile 
strength is still under investigation. The tensile properties 
at 15° C. are much altered after annealing at 430°C. Specific 
gravity and specific resistance at 159 C. are unaltered after 
annealing. The coefficient of expansion in each case in- 
creased slightly in value from 18° С. to 1009 C., and after 
1009 C. increased more rapidly. Weight for weight the 
conductivity of this aluminium is double that of copper ; or 
for a given length of conductor, carrying the same electric 
current with the same dissipation of energy, the relative 
weights are as 1 of copper to 4 of aluminium : the diameter 
of the aluminium wire being 1727 that of the copper. 
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LIGHT ALUMINIUM ALLOYS. 


Twenty-four alloys have been examined, and the results 
of the tensile tests are given in Table II. In Table III. the 
electrical properties are given as well as some of the tensile 
properties in order to facilitate comparison. It is important 
to indicate the order in which the experiments were made. 
Each sample was in the form of wire about 19 feet long and 
"126 inch (3:2 mm.) diameter. The specific resistance of 
each wire was obtained in air first and again when placed 
in an oil bath at atmospheric temperature. The tempera- 
ture coefficient was then determined, and the maximum 
temperature to which each sample was raised was about 
1009 C. When cold the specific resistance was again deter- 
mined. Half of each wire was used for tensile tests and 
linear coefficient of expansion. The other half was partly 
used for density tests, for chemical analysis, and to investi- 
gate the effect upon specific resistance by annealing at 
435° C. for half an hour and allowing to cool in air. The 
tensile tests refer to all specimens after being raised to 
100° C. 

In Table III. the specimens are arranged in groups of 
the principal impurities. The specific resistances first given 
are those obtained before the wires were heated, and give 
the resistance in legal ohms between the opposite faces of a 
cubic-centimeter at 15° C. The conductivity is expressed 
in terms of Matthiessen’s standard taken at 1:696 x 1076 
legal ohms at 159 C. for copper.: Heating to 1009 C. had 
the effect of increasing conductivity at 159 C. from o to about 
I per cent. in different specimens. Annealing at 4359 C. 
increased conductivity at 159 C. as much as 4 per cent. in 
some specimens. 

On plotting resistance in terms of temperature every 
alloy shows a small deviation from a straight line between 
atmospheric temperature and 100° C. : the curve is concave 
downwards when temperature is plotted horizontally. 

The following remarks refer to what may be called the 
impurity, which is varied, although the silicon and iron, 
which are always present, are not constant in quantity. 

Copper.—As soon as the proportion of copper (1:5 to 2 per 
cent.) is sufficient to give a breaking load of 40,000 and limit 


* This result is taken because it is so much quoted. It is known to be as 
much as 2 per cent. too high for purer copper. 
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of elasticity of 33,000 Ibs. per sq. inch, the specific resistance 
rises to 3°3 from 2°76 x 10-6 ohms for pure commercial 
aluminium at 15° C. The temperature coefficient falls to 
'оодо from “оодо, the linear coefficient of expansion 15 
"000024 as against ‘0000234. Not much is gained in tensile 
strength by increasing copper from 1'5 to 2'5 per cent. 

Zinc.—It cannot be said that the addition of zinc up to 
2 per cent. improves the tensile properties of this alloy. In 
fact with 2 per cent. Zn. the breaking load has fallen below 
what it is with 1'2 per cent. Zn. For the same proportions 
the conductivity of the zinc alloy is greater than copper. 
The coefficient of expansion falls slightly with increase of 
zinc, whereas it rose with increase of copper. 

Nickel.—This metal has a marked effect upon the break- 
ing load, but the limits of elasticity remain low. For 
instance, 2:2 per cent. Ni. gives a breaking load of 38,600 
and limit of elasticity 20,300 lbs. per sq. inch. 

Nickel-Copper.—The alloy containing 1°29 per cent. Ni. 
and 1°08 per cent. Cu. gives a breaking load of 45,900 and 
limit of elasticity 36,600 Ibs. per sq. inch—the highest of the 
series. This alloy is characterised by its comparative low per- 
centage extension ('146 with 16,250 lbs. per sq. inch), its 
high coefficient of expansion (0000252), and its low tem- 
perature coefficient (00178). Its specific resistance is 
341 х 10^? legal ohms at 15° C. 

Nickel-Iron.—The alloy containing 2:6 per cent. Fe. and 
I'39 per cent. Ni. gives 42,200 breaking load, and 24,400 
limit of elasticity. Its specific resistance is 3°24 at 15° C., 
and its temperature coefficient (0032) is nearly double that 
of the alloy last quoted. The coefficient of expansion 
(0000222) is as small as апу of the series. | 

Nickel-Zinc.—Five of these alloys have been tested. 
The greatest breaking load is 36,000, and the limit of 
elasticity remains low. The alloy containing :83 per cent. 
Ni. and “до per cent. Zn. gives a comparatively low specific 
resistance, namely, 3°03 x 10^? ohms at 15° С. 

Copper-Zinc.—T wo of these alloys have been tested and 
they reveal nothing remarkable. 

Iron-Mangancse.—The alloy containing “56 per cent. Fe. 
and 1:78 per cent. Mn. has a breaking load 35,300 and limit 


of elasticity 24,400 lbs. per sq. inch. The specific resistance 
1s high. 
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AERIAL WIRES. 


I have to thank Professor W. H. H. Hudson, M.A., for 
the following notes on the elastic catenary :— 


Let 2a be the distance between the points of support. 

» 25 be the unstretched length of the wire at a 
standard temperature. 

» w be the weight of a unit length of the unstretched 
wire at the standard temperature. 

» € bea length such that wc 15 the tension at the 
lowest point of the wire. 

„ | be a length such that wl is the modulus of: 
elasticity of the wire, assumed to be inde- 
pendent of temperature. 

„ а be the linear coefficient of expansion of the wire 
per 19 C. 

» t be the temperature in degrees C. below the 
standard temperature. 


Then if af be so small that its square may be neglected, 
it can be shown that the relation between the quantities 
is 
a(1 aft) 5 | 


= sinh| 
С С l 


A fall of te C. has therefore the same effect upon the tension 
as an increase of the distance between the points of sup- 
port by an amount equal to 2aat. The dip is 


1 


(1 жа) Vs +0) 


From the above equation it follows that 


= ј + sinh Ө at the standard temperature. 
25,528 40355 _ 
_ 1' с 6c  4ocs i A 
Whence 
CS 53 3 55 
a= TTS" bat goa " à 


For the purpose of comparison a length of each wire is 
supposed to be hung between two horizontal points of 


190.] ALLOYS, AND NOTES ON ALUMINIUM CONDUCTORS. 825 


support 120 feet apart, the unstretched length of the wire 
being equal to the distance between the points of support, ' 
and the temperature the standard temperature. Under 
these conditions the dip, in feet, and the tension at the 
lowest point of the wire have been calculated. The limit of 
elasticity of each wire has been found by experiment. Sup- 
pose the temperature falls in the case of each wire until the 
tension in that wire corresponds to the limit of elasticity (or, 
if preferred, any factor of safety can be taken, the same in 
each case), then a comparison of the temperature fall in the 
different cases is one basis of comparison with which to com- 
pare the wires as to their suitability as aérial conductors. 

The increase in a, which would stress the wire to its 
elastic limits, has been found in each case, and the fall in 
temperature 7 calculated from the equation 264 = 2аа! 
where à a is the increase in a. | 

For the values of с, dealt with in this paper, a and 
higher terms are negligible, and for values of c correspond- 
ing to the elastic limits the term n may also be neglected. 
At the standard temperature the dip is nearly 1 foot in each 
aluminium alloy and 1:3 foot in the copper specimen. The 
values of c at the standard temperature, and the values of 
с corresponding to the limits of elasticity, are given in 
Table 111. This Table also gives the values of / and a in 
each case. 

The fall in temperature in the last column of Table III. 
shows that the greater lightness of aluminium and greater 
percentage extension counteract the effect of greater linear 
coefficient of expansion. In the case of many of these 
aloys one may say that when erected as above described 
they are superior to copper for a given fall of temperature 
from a standard temperature. 

The Board of Trade Regulations (Clause 17) for securing 
the safety of the public under the Electric Lighting Acts, 
1882 and 1888, set forth that * Every support for an aérial 
line shall be of a durable material and properly stayed 
against forces due to wind pressure, change of direction of 
line, or unequal lengths of span. The factor of safety shall 
be for aérial lines and suspending wires at least 6, and for 
all other parts of the structure at least 12, taking the 

Vor. 81. 22 
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maximum possible wind pressure at 50 155. per square foot. 
No addition need be made for a possible accumulation of 
snow.’ Consider а hard-drawn copper wire о%4-іпсһ 
'diameter—the weight per foot length is 0:484 lbs. Assuming 
that the pressure on the wire due to wind is 0°6 of what 
it would be if the surface were flat, then at со lbs. per 
square foot the force per foot length is 1 lb. as against 0:484 
due to gravity. The resultant of these two forces is 1°11 lbs., 
which is more than double the force of gravity. It is most 
important to consider the effect of wind, snow, ice, etc., and 
the swaying of the conductor. 

It has been pointed out by Mr. Gavey: that a gale of 
wind produced eight or ten breaks in fifteen miles of over- 
head aluminium wire after a fortnight's erection. The wire 
had a diameter of ‘124 inch, weighed 75 Ibs. to the mile, 
its breaking load was 28,200 lbs. (12:57 tons) per square 
inch, it stood ten twists in 3 inches, its maximum resistance 
per mile was 6:158 ohms, and its specific resistance 2:974 
ohms. With aluminium of the same total conductivity as 
copper, the wind-pressure will be about 1:27 times as great 
as іп the copper. Since the cross-sectional area of a wire 
varies as the radius squared, and the area exposed to 
wind-pressure, snow, etc, varies as the radius, it follows 
that for a given material the larger the diameter the 
better. In other words, two separately strung wires of equal 
_ diameter аге not so good as one wire of ,/2 the diameter 
of either of the other two, although the total conductivities 
are the same in the two cases. Comparing aluminium 
with copper, the total tensile strength of an aluminium 
wire of the same total conductivity as the copper may be 
greater according to the alloy chosen, and this may com- 
pensate for the increase in the surface exposed to wind. 
The breaks in the above telegraph line occurred at different 
parts of the wire—not at the insulators or joints. As pointed 
out by Mr. Gavey, the failure may be due to want of uni- 
formity in manufacture, which is now improved. Further 
information would be required before one could calcu- 
late if 12:57 tons per square inch would be exceeded 
in a gale of given velocity. The small diameter may have 
something to do with the breaks which occurred. It is 
significant that in the long power transmissions, stranded 

! Sec Fournal Inst. Elec. Eng., 1901, vol. xxx., p. 359. 
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conductors of aluminium having in some cases 0°75-inch 
external diameter are used, and apparently they do not 
break. If a cheap method of insulating aluminium wires 
could be found so that a stranded cable of insulated telegraph 
or telephone wires could be erected instead of a number of 
separate wires, the effects due to wind-pressure might be 
reduced. The saving in insulators might, to some extent, 
compensate for increased cost of insulation. The Standard 
Electric Company of California! in their 43-mile trans- 
mission employ aluminium wire 0'294-inch diameter. The 
resistance per mile at 259 C. is stated to be 1:00773 ohms 
(this would give a specific resistance of 2:878 x 106 ohms 
at 25° С.). The conductivity is stated to be 59:9 per cent. 
as compared with copper. The breaking load is 22,800 lbs. 
(ro'1 tons) per square inch. With a stress of 14,500 to 
17,000 lbs. per square inch, a marked increase in permanent 
elongation took place. The wire took a permanent set 
almost from the commencement of application of load. It 
seems, therefore, with a diameter of o'294-inch, aluminium 
wires having a lower breaking load than the aluminium in 
Table I. are employed. In the new line an aluminium 
stranded cable #-inch diameter is to be used. 

The Niagara Falls Power Company in their new line to 
Buffalo employ three cables each of 37 strands. The span 
between the poles, which in the copper line is 75 feet, 
averages 1123 feet in the aluminium line. Besides this there 
is the saving in transport, since for the same conductivity 
only half the weight of aluminium is required. 

For single small-sized wires, where great tensile strength 
is required, Cu. and Ni.-Cu. alloys (see Table III.) might be 
tried and further investigated with advantage, but a sacrifice 
must be made on the part of conductivity. For large 
single or stranded conductors the pure commercial alumi- 
nium (Table I.) should be found sufficiently strong, and its 
conductivity is a maximum. 

The subject of corrosion is one of great importance, 
especially in districts where the air is vitiated by chlorine, 
etc. I have specimens of conductors which have been 
exposed to atmospheric conditions and used at the same 
time to transmit electric current. One of them has been in 
use for four years at Foyers, and it cannot be said that it 


! See Perrine and Baum, Electricity New York), May 30, 1900. 
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has seriously suffered from corrosion. Mr. Kershaw? has 
exhibited samples of conductors which have been exposed 
to atmosphere at St. Helens, where there are chemical works. 
In such districts a solid conductor would expose a smaller 
surface to the air than if stranded, and might prove preferable. 

Since aluminium is electro-positive to other metals, it is 
important only to use this metal in making joints. So far 
as I am aware, all joints on overhead aluminium lines have 
been free from welding or soldering, except perhaps the 
telegraph joint, in which the two ends are brought together 
(after making the joint in the ordinary way) and soldered 
or welded. The construction of mechanical joints, as also 
the art of welding and soldering aluminium, are now 
known. 

The net price of aluminium is now less than £130 per 
ton. Copper stood at £73 (less 23 per cent.) per ton on 
November 5, 1901. For equivalent conductivity the price 
is slightly in favour of aluminium. If the world's output 
of aluminium were doubled it would only be about 2 per 
cent. of the world's output of copper, so that a considerable 
reduction in the price of aluminium might be effected with- 
out disturbing the price of copper. 

A great deal of time has been spent upon these tests, 
and I wish to thank Мг. F. S. Robertson and Mr. W. Marden 
for their patience and саге. Mr. L. G. Nunes carried out 
the density tests, for which I have to thank him. 


1 See Fournal Inst. Elec. Eng., 1901, vol. xxx., p. 348. 
2 See Enginecring, vol. Ixxii., p. 436. 
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TABLE IV. 


Sag in feet. 


Stress in Ibs. 


Limit of 
Elasticit 


Cross- 


sectional 


With wind. 


Without wind. 


Breaking 
load in Ibs. 


With 
wind. 


Without 
wind 


per sq. inch. 


in lbs. per 
sq. inch 


area in 
sq. inches. 


Metal. 
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ADDENDUM.: 
(Read at the Meeting on December 12th, 1901.) 


% 
=- 


11,560 I'9 


2,898 | 135 


19,376 | 28,200 | 35 


'1385 


'1378 |'0142 


m 124 


Commerciall 
aluminium 


3°54 


2'2 


16,900 


126 


"1124 || 27,850 | 64,000 51 | 6,850 


"1086 | ‘0289 


0077 | '007497 


Hard-drawn copper 


At the close of the last meeting 
Mr. Gavey gave me some par- 
ticulars with regard to the alu- 
minium wires to which I referred 
in my paper. I have made а few 
calculations therefrom, the results 
of which are given in Table IV. 
Mr. Gavey told me that the dis- 
tance between the horizontal 
points of support was 180 feet, 
that the wind-pressure might have 
varied from 14 lbs. to 20 lbs. to 
the square foot, and that the wire 
was stressed at the insulators when 
erecting to the extent of 35 lbs. 
on the total section. The wires 
broke when this wind came, with- 
out any fall in temperature, and 
without any accumulation of snow, 
ice, etc. The figures in Table IV. 
also relate to a copper wire which 
is supposed to be hung between 
horizontal points of support 180 
feet apart. The copper wire has 
the same unstretched length and 
electrical resistance as the alu- 
minium wire. The wind is assumed 
to have a horizontal pressure of 
20 155. to the square foot at right 
angles to the straight line passing 
through the points of support. In 
the case of the aluminium the total 
stress at the insulators was 35 lbs., 
without any wind blowing; the 
copper wire will have a corre- 
sponding total stress of 51 Ibs. 
When the wind is blowing the 
total stress on the aluminium wire 
comes out at 135 lbs. and on the 
copper wire 126 lbs. Expressing 
these in lbs. per square inch of the 
cross-sectional area of the wires 
we have 11,560 with the alu- 


* [This Addendum was read at the 
Ordinary General Meeting of Decem- 
ber 12th, but in order to facilitate 
reference it is printed here, together 
with the other portion of the proceed- 
ings at that meeting having relation 
to Professor Wilson's paper.—Ed.] 
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minium, and 16,900 with the copper wire. The sag in feet of these 
wires under the two conditions has been calculated. The theory 
of the elastic catenary would tell us that without the wind the sag 
in feet is го for the aluminium and 272 for the copper. With the 
wind the sag increases to 4'1 in the aluminium and to 3°54 in the 
copper. The factor of safety as between the limits of elasticity and the 
actual stress in these wires when in the wind is about the same in the 
two cases, namely, r7 and r'6. Looking at it from this point of view 
it is difficult to argue that the aluminium wire should break in pre- 
ference to the copper one. If you take it on the breaking load 
there is a larger factor of safety in the case of the copper, because the 
breaking load is 64,000, as against 28,000 in the case of the aluminium. 
It seems to me that probably Mr. Gavey is right, and that the breakages 
may be due to want of uniformity in manufacture. I may add that 
since the time that these Post Office experiments were made uniformity 
in the manufacture of the metal has improved. Recently erected 
aluminium wires at Larne, which is in a very exposed position, have 
withstood a recent severe storm, and have not broken. "These figures 
are the result of theory, and my regret is that I cannot confirm them by 
the results of actual experiment. If you watch a wire swinging in the 
wind, it will swing to a considerable amplitude, and then it will come 
to rest; if a gust of wind comes on to the wire at the right moment, I 
believe it can be stressed much more severely. Every time the wire 
swings to and fro it experiences varying stresses because it is expand- 
ing and contracting, if it is stressed within the limits of elasticity. That 
brings in the subject of the fatigue of the materials. The wire which 
was used in the Post Office experiments was constructed of pure 
commercial aluminium. The most successful alloys which are men- 
tioned in the paper are those of copper in one instance and nickel- 
copper in the other. The addition of 1:29 per cent. of nickel and 1:08 
per cent. of copper had the effect of raising the limit of elasticity from 
19,000 lbs. to 37,000 lbs., whereas for copper it is 28,000 lbs. So that 
the small addition of the nickel and copper greatly improves the 
tensile strength of the wire ; in fact it raises the breaking load from 
28,000 165. to 46,000 lbs. per square inch. I have samples of the 
twenty-four alloys which are mentioned in this paper suspended on 
the roof of King's College, London, in order to see what the effect of 
the London atmosphere will beon them. If thesealloys are satisfactory 
in regard to uniformity in manufacture and corrosion there is no reason 
why they should not be successfully used for the purpose of overhead 
telegraph or telephone wires. Those are the chief points I wish to 
mention, and with your permission I will add them to the paper. 

Mr. J. GAVEY (communicated): In the discussion on Mr. Kershaw's 
paper on “The Use of Aluminium as an Electrical Conductor" in 
January last, I mentioned the fact that the Post Office had erected 
about fifteen miles of aluminium wire in the Potteries district with a 
view to test its suitability for telegraph or telephone lines, and that the 
result of the experiment was not very satisfactory, a gale of wind having 
broken the wire in eight or ten places within a fortnight after its 
erection, whilst copper wires erected in the same locality were unbroken. 
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This occurred on two or three occasions, and the aluminium wire was 
ultimately taken down. The breaking load of the aluminium wire when 
tested in the usual manner varied between 340 lbs. and 363 lbs., and 
its diameter between 124 and 125% mils. (not 1°24 millimetres as 
rendered in the report of my remarks in January). After erection the 
stress at the insulators was only 35 lbs. at 45? Fahr. in a 60-yard span, 
the corresponding dip being 1°64 feet. There was therefore an apparent 
factor of safety of about ro} at that temperature, and in the absence of 
snow the cause of the breakdown was not quite obvious. When finally 
removed, by which time the wire had become to a certain extent 
corroded, samples selected at random still showed a tensile strength of 
325 lbs. when the breaking load was applied in the ordinary way by 
means of a lever machine. It occurred to me that this method of 
ascertaining the tensile strength had probably not fully revealed the 


No further temporary 
or permanent Seb up 
bo 100 days. 

Test then stopped. 


... 
—— 


Fic. A.—-Aluminium Bronze. 


facts, and I had certain samples, 36 feet in length, suspended vertically 
and permanently weighted. These further tests showed that one of 
the chief causes of the failure was an exaggeration of the well-known 
phenomenon of “ fatigue" in the metal, and that this defect was more 
strongly marked in the wire that had been erected than in new wire. 
It will be seen from the annexed table that in the case of samples that 
had been erected a load of only about one-eighth of the apparent 
breaking load was sufficient to produce a permanent elongation, and 
that a load of two-thirds of the nominal breaking stress caused actual 
rupture when continuously applied for about three weeks. 

The elongation depends largely upon the length of time the load is 
applied if it exceeds a certain value (about 2,900 lbs. per square inch in 
the case cf “ pure" aluminium), and proceedsat a gradually increasing rate 


Mr. Gavey. 
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Mr.Gavey. for about a fortnight ; the temporary or elastic deformation which at 
first occurs with light loads being transformed into permanent elonga- 
tion or set. There is in such cases a slight recovery after a period of 
rest, but it is inconsiderable., New aluminium wire gave better re- 
sults, but showed the isame characteristic defects. Certain specimens 
of aluminium bronze wire (composition unknown) had a tensile 
strength about 20 per cent. greater than that of pure aluminium, 
and compared favourably with it in respect of ductility, toughness, and 
elasticity ; whilst the electrical conductivity was only about 6 per cent. 
less. The behaviour of this wire under a load of тоо lbs., or 0'222 of 
the ordinary breaking stress, is shown by the curves in Fig. A. The 
wire was permanently elongated when loaded with a weight of до lbs., 
if the loading were continued for several days; but no appreciable set 
occurred if the weight were removed after an hour or so. 
Hard Copper Wire.—It is well known that a permanent set is also 
produced in hard copper wire by comparatively light loads, if the 
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Fic. B.- Hard Copper. 


stress be maintained sufficiently long. For instance, a wire 0:097 inch 
in diameter, and having a breaking stress of 490 lbs., if loaded with 
110 lbs., recovers its original length on removal of the load, provided 
the loading has not been continued too long. If, however, the load be 
kept on for, say, 24 hours, a permanent elongation of 44 inch is 
produced in a length of about 40 feet. This permanent elongation is a 
function of the time with a given load, increasing to about 44 inch in 
three days, and to about Ж inch in a fortnight (vide Fig. B). After this 
time no appreciable increase of permanent elongation occurs. 

The true elastic limit of hard-drawn aluminium or copper wire is 
difficult to determine, owing to the effects of fatigue referred to above. 
In the cases of the suspended conductors, dealt with in these experi- 
ments, we should take the limit to be at that point at which no 
permanent elongation occurs, when the load is applied for an indefinite 
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time. On this basis the elastic limits of these specimens are 
approximately as follows :— 


Pure Aluminium ... .. 2,900 lbs. per square inch. 
Aluminium Bronze ... 3,200 ditto. 
Hard Copper .. .. 8,009 ditto. 


To revert to the causes of the breakdown in the Potteries district, it 
is obvious that in addition to the susceptibility to fatigue of the 
aluminium wire, the wind pressure in the case of so light a metal will 
be a predominant factor in the total stress during a gale, and therefore 
the increased diameter necessary to maintain conductivity becomes of 
considerable importance. If, for example, we assume that the wind 
pressure on the round wire is two-thirds of that on a flat strip equal in 
width to the diameter, the stress on the wire at the insulators if it were in- 


extensible would be increased from 35 165. to 35 Jao I+ (22) = 242lbs., 


0'0972 being the wind pressure in lbs. per foot run of wire, equivalent 
to 14 lbs. on the square foot, and o'or42 the weight of the wire рег 
foot. The elongation of the wire under this pressure, due to elasticity 
or to mere exteasion by increasing the sag, of course diminishes this 
stress materially, so that if we assume that in this case an elongation of 
о'5 per cent. were possible without rupture, this stress would be reduced 
to 50:8 Ibs. at the insulator. Apparently nothing like this percentage of 
elongation could be reached in the brief periods of pressure due to the 
sudden gusts, and the wire was no doubt broken through wind 
pressure alone. 

Professor E. WILSON (communicated 13th Fanuary, 1902) : I wish to 
thank Mr. Gavey for the interesting results of his experiments, a copy 
of which I received on the 11th instant. He deals with a most im- 
portant question. Believing that continued loading might have an 
important bearing upon the suitability of these alloys as aérial con- 
ductors, I started, as stated in the paper, a series of experiments, 
which Mr. Waynforth is at present engaged upon. We hope to 
publish the results of these experiments. 

The PRESIDENT : If there is no further discussion upon the paper—I 
anticipated that scarcely anything would be said, it being a subject 
which is more interesting from a study of the figures of the very 
elaborate data which Professor Wilson has been good enough to pro- 
duce—I will ask you to pass a hearty vote of thanks to Professor 
Wilson for his very instructive paper. 

'The vote was carried by acclamation. 


The PRESIDENT announced that the scrutineers reported the follow- 
ing candidates to have been duly elected :— 


Members : 


Charles Leven. George Russell. 
R. B. Owens, M.A., M.Sc. Reginald Russell Sinckler. 
Wilfred Cyril Thomson. 
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Associate Members : 


Francis G. Bell. Arnold Waldemar Mindo. 

William Cramp. Walter Henderson Molesworth. 

George Herbert Sands Drewett. Arthur M. Simpson. 

James Fiddes-Brown. | James Sugden. 

Frederick Fisher. Ernest John Summerhill. 

John Hambly. Frederick Emil Ussing. 

Harold Thornthwaite Hincks. Robert Alex. Widdicombe. 

Archibald William Johnston. John Gordon Wilson. 
Associates : 

Walter Ainscough. Arthur John Macphail. 

Edward Boyes Austin. Walter Edward Middleton. 

Sydney Horace Barber. Ernest Arthur Reynolds. 

Henry Louis Battersby. John Albert Robinson. 

Sidney Blandford. Henry Rodolph de Salis. 

Robert Foster Collinge. David B. Selkirk. 

Harry John Ede. Wladimir S. Smecliansky. 

John William Fielding. J. P. Smith (Councillor). 

John William Gibson. , Harry Francis Jackson Thomp- 

Gerald Higginbotham. son. 

Vernon Hopc. Frederick Ernest Trill. 

Robert Salmon Hutton. Charles J. Turner. 

Herbert Jackson. Herbert George Whitc. 

Frank Kieffer. Ferrand Agnew Williams. 
Sludents : 

William Melland Booth. | Rudolph John Kaula. 

Lionel Calisch. | Charles Balbarric Kinnes. 

John Basil Edwards. | Halsall Owen. 

Llewelyn Thos. Edwards. | Henry Sayle Poole. 

Selborne Evans. James Henry Soames. 


Leonard Edmund Selmes Jack- Charles Ernest Wigg. 
son. 
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NEWCASTLE LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN. 


Delivered November 18, 1901. 


By JOHN F. C. SNELL, Member. 


The number of addresses which are given from the chair in these 
days makes it a matter of some considerable ingenuity on the part of 
one to whom such a responsibility may fall to select a subject worthy of 
the Institution, or section of an Institution, over which he for the time 
presides. 

I should like to draw attention to some of those useful objects which 
are being sought by the Institution of Electrical Engineers, and in 
furtlrerance of which our Local Sections may be useful, and, like the 
tributaries of some great river, help to feed into and assist in sup- 
plying energy to the Parent Institution. I should like also to say a 
few words to the students of the Local Section, and to address you 
on a subject which can be based on my own limited experience in 
engineering, and more particularly on that special branch of this 
comprehensive industry to which we happen to belong. 

This recent development of a series of Local Sections to me seems a 
most statesmanlike move on the part of the Council, Members of all 
classes who are unable to benefit by attendance at the London meetings 
can meet together at Colonial and Provincial centres, not only to discuss 
papers prepared by the members of their own Section, but also to 
continue the discussion locally on papers of special interest which 
may be read in London. I am convinced that this must conduce to 
the welfare of the Institution, and of the whole electrical profession. 
The promotion of Colonial centres must act, moreover, as a further link 
in the Imperial chain, knitting our Colonial brethren more closely to 
the Mother Institution, and to the Mother Country. I trust that these 
Local Sections will promote an esfrit de corbs among members of all 
classes, and particularly among students. In time the Sections will take 
up such subjects as were suggested during the last Session of our own 
Section, studying those matters locally, condensing information con- 
cerning them, and assisting the Headquarters Council in many important 
problems, such as Standardisation, Electrical Wiring, and the Legisla- 
tion affecting the electrical industry. 

The applications of electricity are becoming more universal every 
year, and must become eventually as universal as are those of steam and 
gas to-day. It follows from the great natural law of the survival of the 
fittest that clectricity so casily and efficiently transformed at will into 
either light, heat, or mechanical power, with machines in which there is 
so Jittle loss of energy, must displace other less efficient agents. It is 
simply a question of time, but it will inevitably come, just as all other 
known things in this Universe evolve from a less to a more efficient 
condition. 
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As each individual member is a unit in the great machine, and as 
the efficiency of the whole depends upon that of the parts, each one of 
us must make himself as proficient as his opportunities will permit, not 
only to become a useful and self-helping citizen, but also in order to 
assist in that wider duty, viz., the ever-increasing, more efficient appli- 
cation of a natural force, the mysteries of which we are gradually but 
surely unravelling. This increase in efficiency will result in a more 
thrifty use of those stores of energy which nature has given us, and also 
in the less selfish application of them for our present use, having regard 
to those who must come after us. If we do not recognise this duty the 
Nemesis of ignorance will surely follow. 

“If the gatherer gathers too much, Nature takes out of the man what 
she puts into his chest, swells the estate, but kills the owner.” 

It is my belief that it would react happily on the present, and we 
should individually benefit from this improved and more thrifty appli- 
cation of natural riches. But as any organic structure is dependent 
upon the cells of which it is built up, so if our whole scientific organisa- 
tion is to become imbued with these principles, each individual member 
must act upon them, and not allow the canker of selfishness to impair 
his own efficiency. I particularly address myself to my contemporaries 
and to students who, imbued with these ideas, will not only faith- 
fully undertake each duty given to them, but will endeavour to make 
the highest use of their abilities in those departments to which they 
have been called. 

Any engineer must be proud to assist, however slightly, in—to quote 
from the Charter of the Institution of Civil Engineers—the “ applica- 
tion of the great sources of power in Nature to the use and convenience 
ofman.” There is nothing like enthusiasm for one’s work to enable 
one to overcome the obstacles with which one meets, acquire perse- 
verance, develop character, and achieve success. 

I am often asked by people who wish to know how their sous can 
become electrical engineers, and by students already entered upon 
their professional career, how they can specialise for one of the many 
branches which are open to them. In addition to advising the scientific 
subjects which they should master, it is important to remember that at 
the root of all lies the fundamental necessity of real work, not only to 
make money, but much more to assist—be it ever so slightly—in the 
development of applied science for the advancement and improvement 
of our fellow-creatures. 

I will now pass оп to that branch of electrical engineering in which _ 
I have been engaged, viz., the distribution of energy from central 
generating stations. It is but a few years ago that the lighting of 
the Thames Embankment was effected from a small station by gene- 
rators of a type which would now be considered almost antediluvian. 
This was then looked upon as a wonderful experiment. Everything 
novel is at first considered marvellous. In a few years, as to-day with 
electrical matters, even children take them as a matter of course, and 
discuss them not unlearnedly. Now, only some eighteen years later, no 
less than eighty-one municipalities have installed their own electrical 
undertakings, representing a total of 163,000 H.P. with a capital ex- 
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репа ге of £, 10,360,000; as well as forty-four companies, representing 
110,000 H.P., with a capital of £9,105,000, or, added together, there is no 
less than the sum of nearly £20,000,000 invested in electrical under- 
takings for the distribution of energy from central stations. Roughly 
these figures represent £63°5 per H.P., installed for municipalities, 
and £82'5 per H.P., installed for companies, and although one must 
not enter into controversial questions, one cannot help wondering in 
passing why municipal undertakings apparently cost so much less to 
lay down. 

Then there are electrical tramway or light railway undertakings, 
either completed or under construction, with a total of 1,628 miles 
of single frack, with a capital outlay of approximately £16,000,000, 
and there are 720 miles of other light railways contemplating the 
adoption of electricity as the motive power. That these tramway 
undertakings will have a wide influence upon some of the great 
problems of this country one is convinced, if only in the reduction 
of the number of slums, and in the improvement of the physique 
and morale of the busy workers of the nation. 

. I do not intend to weary you with further statistics ; suffice it to say 
that electricity is now slowly but surely superseding other illuminants, 
and, as a power-transmitter, other less efficient methods ; and alreadv 
there are railways—if only short and special ones—to which centralised 
power-generation is being applied to the exclusion of the steam loco- 
motive. Among the future problems with which some of us will have 
to cope will, I believe, be included the electrical equipment of our great 
railways. 

Recently there has been much energy displayed in obtaining powers 
to lay down immense generating stations from which electrical energy 
is to be transmitted over wide tracts of country. I am convinced that 
if this development be not carefully considered, it may be a serious 
matter for the whole industrial position of England. Several extensive 
power-schemes have received the Royal assent. Where there are a 
number of small towns, each of which with say 10,000 or less inhabitants, 
and possibly the demand for a network of inter-connecting light 
railways, it would undoubtedly be a waste of public money to put down 
separate sets of plant for each little place. Insuch a caseit is probably 
the most rational method to adopt a station common to thein all. But 
where a town has a population of say 20,000 or more inhabitants, 
it deserves consideration whether it may not be cheaper and better 
to instal a local station rather than take energy in bulk from a 
distant one, and then after transformation to distribute it locally. The 
all-important advantage claimed for these county stations is animproved 
load factor ; but I fail to see how. in the same latitude the summation 
of a number of small peaks is going to result in an improved load curve ; 
and vet upon this factor all depends. If it be not reached, then the 
reduced efficiency of a high-pressure system, transforming its pressure 
locally, and in all probability also converting the current, together with 
the largely increased outlay on long primaries and sub-station machinery, 
тау be found to give less economic results than -several smaller 
stations situated near the centres of demand, and distributing 
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immediately into their networks, without transformation. The outlay on 
local feeders and distributors will remain much the same in both cases. 

The efficiency of a direct-current station (that is the ratio of units 
sold to the units generated) rarely falls below 85 per cent.; whereas a 
three-phase 6,000-volt station, with an average length of primary of 
5 miles, and sub-station transforming and converting plant cannot well 
be more than 68 per cent. In other words, 25 per cent. more units have 
to be generated in the second case than in the first. Should the load 
factor be improved 2 or 3 per cent., will not the less efficiency of, and 
the extra capital outlay on the big power station, more than counter- 
balance the advantage gained in the load factor? For some districts— 
as in Lancashire—where the mills are “as thick as leaves in Vallam- 
brosa,” it will be the only known natural and economic means of driving 
them. But speaking generally it will be worth while to consider care- 
fully each case before huge sums are launched into such an under- 
taking. 

It is most important that elcctrical supply should be as reliable and 
continuous as that of water or of gas. The water-supply of a town is 
not dependent on a number of pumps feeding direct into a pipe system, 
nor does a gas station supply direct into its mains. Both undertakings 
interpose reservoirs between the generating plant and the mains, which 
saves the consumer from the risks attendant upon continuously running 
machinery. | 

Improved means of storage seems to me to be a method by which a 
much-improved load factor, less cost of production, and greater re- 
liability of supply can be obtained. On this account I have always felt 
that if a direct-current system of distribution is at all possible in any 
district it is wiser to adopt it to enable storage to be effected either now 
or at some future period. Тһе cost of a storage battery may be taken 
(for a seven hours’ discharge) at £8 per k.w., and the equivalent in 
boiler, engine, dynamo, and auxiliaries at £21 per k.w. At the present 
time the life of batteries does not exceed ten or eleven years, whereas 
the mean life of a generating plant may be taken at about twenty years. 
The capital charges on a storage battery, therefore, are practically twice 
as heavy per k.w. as those on generating plant. 

A surprising result will be found if one takes the trouble to prepare 
careful estimates of two stations, one fitted with generating plant only 
and the other with only half of the plant installed in the first example, 
and the remainder absorbed in batteries. The capital cost per k.w. 
is less in the second case ; and mightit not be well to go more carefully 
into this matter, and see whether we cannot adopt storage on a larger 
scale than now? Then, too, the cost of output is really not so great 
with batteries—even after making due allowance for the loss of energy 
and the heavier rate of maintenance. Against the charges is to be put 
the much-increased output or plant load factor. In traction systems of 
moderate size also the mean load is but one-third of the maximum, and 
here again I believe storage will play an important part in the future 
economical supply of electrical energy. I do not wish to be doctrinaire, 
but I cannot help feeling that this only wil] enable the cost of supply 
to be reduced to a minimum. 
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There is another question, viz., the influence of capital costs on cost 
of production, too often overlooked by some electrical engineers. One 
finds that, graphically, these represent an hyperbola. Their influence 
on units sold per k.w. demanded is very great, and they bear an almost 
constant ratio after the first few years to the unitssold, or, put in other 
words, the capital outlay increases pari passu with the units sold; 
therefore, this part of the total costs after a time is practically invari- 
able. This is important, and it is not difficult to ascertain what the 
minimum cost of production under the present conditions will be. 
Again, the other standing costs now are fairly proportionate to the 
total plant installed, once the station has grown to a fair size. So long 
as the ratio of day load to maximum demand remains as it is to-day, 
and we have to provide a maximum of running plant commensurate 
with the demand, will it be impossible to supply energy at so low a 
figure as some people hope for. The “Brighton” system of charging 
is a brilliant attempt to meet this difficulty, and is in my opinion the 
most scientific method in vogue, but it is not without objections raised 
by consumers, and is often dishked by them when they get no rebate ! 
Even іп this case a round twenty-four hours’ supply requires а 144. per 
unit to meet expenses, without profits, owing to the dominating influence 
of the capital charges. What is likely to be the minimum cost to the 
bulk of consumers who only average three hours a day? Storage with 
less costly, more efficient, and longer-lived plates than we have at 
present, would go far towards reducing the cost of supply, and 
averaging the cost to all classes of consumers. 

I would like to say something to those engineers who may be called 
upon to design stations. One speaks feclingly as a station engineer 
oneself. Make your watchword and your guiding principle 
"Simplicity." Think of the engineer who has to run the plant after- 
wards from January rst to December 31st, year in and year out, without 
an interruption of supply, and with all the responsibility which that 
entails—arrange simple pipe systems ; adequate coal storage ; draught, 
independent of climatic conditions; and switchboards sans reproche. 
Give elbow-room in a station, room for expansion, and do not “ crib 
cabin and confine" the station. 

Simplicity shows good design, means economy in first. cost, and 
certainly economy of maintenance. But though simple, let everything 
be of the best, easily seen, and accessible ; and as a station is, so should 
the mains be. Mains, which in all systems have their wcaknesses, are 
out of sight, and I am afraid very often ‘‘out of mind" until an 
accident happens. 

This brings me to another matter which will require most careful 
thought in the future, viz., the large outlay on mains through which 
the maximum load is conveyed for only about one hour a day. If one 
could put a storage battery into every consumer's house, and supply 
at a uniform rate all the twenty-four hours round from the generating 
centre, letting the consumer draw off his supply at will (as to a 
certain extent is the case in the water supply of any house), the 
mains could be of a far smaller sectional area than they now have 
to be. ‘To expect such a thing as this is, of course, nonsense, but 
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if in any given area one places the generating stations as near as possible 
to their load, the amount of copper required will be far less, of course 
than when supplied from one station at the same pressure. It will be 
said if a high-pressure system is adopted, this is but a smallitem. Is it? 
Does not the saving in copper in a high-tension system have to be 
spent on insulation, transformers, sub-stations, and switchboards, and 
probably converters? The efficiency of distributors will always be 
low, from the fact that they have to be in every case of moderate 
potential, and must be of such a section as to cope with the maximum 
number of lamps connected thereto. They will improve, however, as 
the applications of electricity become more universal and varied. 

A simple system of mains, good both mechanically and electrically, 
is what should be aimed at. Reliability of supply is most necessary. 
High-voltage lamps are helping us greatly in reducing the outlay on 
mains, but even remembering that doubling.the pressure on any main 
of a given section doubles the energy which may be transmitted 
thereby, and is quadrupled in a three-wire system, compared with a 
two-wire half-voltage system, I am revolutionary enough to believe that 
ultimately a plain two-wire system of distribution will be preferable to 
a three-wire distribution now so universally employed. The effect of 
the cost of insulation, and the comparatively large balancing wire 
required in practice—much larger than is demanded in theory—levels 
down enormously the economy that is said to be gained in a three-wirc 
system ; and the effect on the insulation of the negative cable of putting 
a permanent stress upon it, and that of osmosis, caused by earthing 
the middle wire, does, а5 1 know from experience, cause a much heavier 
rate of depreciation on that cable, and the negative service leads—a 
depreciation which more than counterbalances the economy thought 
to be gained. Here again perhaps I make a fetish of simplicity, but is 
it not good engineering to build that which will endure and to give 
one's clients material which shall be lasting, and at the same time be 
the best procurable for the least money—in effect the thrifty, but 
lasting, application of the materials we have to hand? Electricity, like 
the gods in the elder days of Art, sees everywhere “into each minute 
and unseen part’—literally does so—and seeing our comparatively 
short experience of its applications it is necessary to provide systems 
that will not only besuccessful at once, but will continue to be so for a 
generation. 

British engineering, if slow in progress, if conservative in policy, is 
at least recognised as being sound. We are members of a profession 
which will have an enormous influence on the commercial position 
of our country. It must be our constant endeavour to uphold the 
traditions of British engineers, and to develop our industry on sound, 
broad-minded, and progressive lines. 

We have begun our second Session, and it is most gratifying to 
think how responsive members have been to the invitation of the Com- 
mittee to provide papers for the section. Important papers on Power 
Distribution, Polyphase Machinery, Telephones, Legislation in Electrical 
Matters, Tramways, etc., have been promised, and will, I am confident, 
conduce to a most successful Session. 
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This section can do much to aid the development of applied 
electricity in the north-eastern portion of England, and will, I believe, 
become an increasingly powerful factor in this work. 

The fact that one of our members was accorded a special premium 
last year by the Council should give rise to a spirit of enterprise among 
us. I trust we shall have free and useful discussions : thus the 
improvement of individual members will consolidate and increase the 
efficiency of the whole section and the Institution, and thereby the 
whole industry. 

Electrical engineers as a body have a great work before them, 
which must be diligently carried out—our country will depend much, 
in the future competition with other nations and struggle for existence, 
upon the economical applications of clectricity—for the moment it 
would seem that we are not keeping pace with our more enterprising 
cousins and neighbours, and that great schemes are passing into the 
hands of our competitors. . If there is much inertia in the Briton—there 
is much momentum when he is once in motion. Let us take heart 
from this knowledge and decide to contribute each one of us his share 
towards the national need, and to the continued advancement of the 
great art of Engineering. 
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GLASGOW LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN. 
Delivered November 19, 1901. 


By Professor MAGNUS MACLEAN, D.Sc., Member. 


I desire to take this the first opportunity of thanking you for the 
honour you have done me in electing me your chairman for this current 
session. А 

Since we met іп Мау last we have had meetings of a very large 
number of Scientific Societies in Glasgow, meetings at which papers of 
scientific importance have been read and discussed. To mention only 
three of them, the Society of Incorporated Municipal Electrical Engin- 
eers met in June last, and the International Engineering Congress and 
the British Association for the Advancement of Science in September 
last. At these meetings a considerable number of electrical papers were 
read. Indeed at the Electrical Section of the Engineering Congress so 
many papers were prepared at the request of the Council of the Insti- 
tution, that there was no time given to some of the authors even to 
adequately summarise them to the meeting, and none at all for discuss- 
ing some of them. So much electrical information has been thus given 
to us during the last summer and autumn that you might reasonably 
expect us to spend this session in digesting it, and not aim at getting 
more papers read to us. But по. The Committee of this Local Section 
of the Institution have had offers of papers as usual, and you will have 
noticed from the circular the Secretary issued to you recently that we 
have had already promises of sufficient papers for this session. These 
papers are on a variety of subjects, such as laying electric mains, 
manufacturing of aluminium, construction of electro-magnets to give 
very powerful magnetic fields, testing of electrical machinery, etc.; and 
we trust that in every case these papers will lead to valuable discussions 
and to the elucidation of difficult and doubtful theories, problems, and 
facts. 

Again we had a successful International Exhibition in our midst. A 
paper describing and discussing the developments and improvements 
that have taken place in Electrical Engineering apparatus during the 
last thirteen years, as illustrated by the electrical exhibits in the 1901 
Exhibition, and those in the 1888 show, would be most instructive. 

I. Electrical Generalors.—Generally speaking, improvements have 
taken place in every direction. In electrical generators the tendency 
has been towards simplicity of type and uniformity in matters of detail. 
In continuous-current machines the commutator is becoming standard- 
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ised both in materials and in manner of construction. Drum-winding 
is superseding ring-winding, and multipolar machines are almost 
universal for moderate and large outputs. The open-coil direct-current 
dynamo was not represented at the last Exhibition at all. Alternating- 
current generators both single-phase and three-phase were shown by 
different exhibitors, as well as rotary and static transformers. By 
means of the latter, one firm was showing the conversion of 500 volts 
continuous to 10,000 volts three-phase current. There is no doubt that 
this type of machinery is gaining favour with electrical engineers. 
Some electrical engineers who, a few years ago, were wedded to 
continuous-current generation now loudly proclaim the advantages of 
alternating-current machinery. 

2. Electric Measuring Instrumenis.—No greater advance іп апу 
department of electrical engineering has taken place since 1888 than in 
electric measuring instruments. Amperemeters for direct currents are 
now chiefly constructed on the principle of (1) the electro-dynamic 
action between two neighbouring coils carrying currents, or (2) the 
sucking action that a solenoid exerts on a suitably suspended soft piece 
of iron, or (3) the action of permanent magnets on a suspended coil 
carrying a current. 

There are different methods of balancing the electro-dynamic and 
electro-magnetic forces ; and the most common are (1) the weight of a 
piece of matter, (2) the torsion of a wire, or spiral, or flat spring, and (3) 
the couple due to a bifilar suspension. Amperemeters of the hot-wire 
type and the movable-needle type were not shown to any extent. 

Voltmeters of the electro-magnetic type are still in evidence, but 
they are giving place to other types and more especially to the electro- 
static type, because the latter consumes no energy and can be used 
either on direct or on alternating-current systems. Dynamometric 
wattmeters for direct, for single-phase and for three-phase currents 
were shown by a number of instrument-makers, also phase-meters for 
showing the wattless component of the current in amperes. One firm 
at least had voltmeters, amperemeters, and wattmeters for alternating 
current which depend on the mutual action of eddy currents in a light 
metallic pivoted disc, and in a metallic screen which partially shields 
the disc from the magnetic action. Instruments of the recording type 
are becoming essential for supply stations. Hence there were exhibited 
by several firms recording amperemeters, recording voltmeters, and 
recording wattmeters. 

In 1888, electricity supply meters had not advanced much beyond 
the experimental stage. Now we have reliable metcrs of all types. The 
most common types of meters may be classified under four heads, 
depending upon which property of the current is utilised for recording 
its amount :— | 


(1) Thermal meters. 

(2) Chemical meters. 

(3) Integrating or clock meters. 
(4) Motor meters. 


To illustrate the proportion of the different meters in use in the 
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various supply-stations in Great (Britain, the following list is collated 
from the information given by the technical press last January :— 


Type of Meter accord- 
ing to the above classi- 
fication. 


| Number of Stations at 


Name of Meter. which the Meter is 
used. 


Chamberlain and Hookham ... 
Thomson ЖҮН Қ? 
Ferranti... 

Aron  ... ү 
Shallenberger ... 
Bastian ... ТЕ 
Schattner 


Thus it appears that the motor-meters have as yet the preference. 
Clock meters are, however, increasing in favour on account of the great 
improvements recently effected on them. 

An electric measuring instrument which was not on view in 1888 and 
was on view in the last Exhibition is an oscillograph. This gives a 
continuous record of the current wave of an alternator, and by using a 
double oscillograph the potential-difference curve and the current 
curve can be simultaneously traced. This instrument gives us a 
method of studying many problems of alternating-current machinery 
which were difficult of experimental solution by previous existing 
apparatus. 

3. Practical Applications.—The uses and practical applications to 
which electricity may be put were numerously illustrated. I shall only 
mention a few of them in passing: Search-light, pumping, surface 
contact tramways, electric cranes, electric haulage for mining work, 
electric drilling, electric planing, electric locomotives with overhead 
supply, electric locomotives with accumulators, motor-driven printing 
machines, overhead conveyer for carrying luggage in railway stations, 
electric lifts, electrically driven air pumps, electrically driven ventilating 
fans, motor driven centrifugal pumps, electrical coal-cutters, electric 
Jacquard. In connection with the application of electricity to electric 
lighting, I should mention the Nernst lamp, which was shown in actual 
operation in Scotland for the first time last September, when Lord 
Kelvin switched some of them on at the stand of the Electrical Com- 
pany in the Exhibition. Through the kindness of Mr. Buhler, samples 
of the Nernst lamp are on the table for your inspection. The material 
of the filament is composed of one or more of the rare earths zirconia, 
thoria and yttria, also magnesia. The filament only begins to conduct 
at a temperature of 500°C. From that temperature to 1100? С. the 
conductivity increases in the ratio of 1 to 330. To give stability to 
the lamp a series-resistance of iron is put in, to balance the diminishing 
fiiament resistance with increase of temperature. The filament is 
raised in temperature by a spiral of platinum wire surrounding it, 
which is in parallel with it and through which practically the whole 
of the current, on account of the high resistance of the filament, 


350 MACLEAN: INAUGURAL ADDRESS. (Glasgow, 


in the first place passes. When the filament becomes sufficiently 
hot or sufficiently conductive, and this happens in less than 
half a minute, the spiral spring platinum is automatically cut out 
of circuit by an electro-magnet, and the refractory oxide filament 
becomes incandescent. The efficiency is given at 1°5 watts per c.p. 
The filament is an electrolyte, and hence when the supply is con- 
tinuous the current must be put through it in the proper direction. 
When the lamp is installed for the first time care is therefore necessarv 
in fixing it to the proper terminals. Afterwards the filament renewals 
are so arranged that they can be put into the lamp only in the correct 
direction. On an alternating-current supply the lamp can be fitted any 
way. Iam told that the filament lasts much longer when alternating 
currents are used. I expect a great future for lamps constructed on 
the Nernst principle. 

At the last meeting in May, Mr. Walter Jamieson showed those 
present some experiments on high-frequency oscillations by apparatus 
mostly of his own devising and all of his own construction. A desire 
маз expressed that an opportunity should be given to him to repeat 
some of these experiments and show some others, the apparatus for 
which he had notimeto prepare on the previousoccasion. He is present 
this evening to illustrate experimentally some of the more elementary 
facts and results of observation and experiment in the subject of 
clectric oscillations. 

The first reference we have to the discharge of a condenser being 
oscillatory is in a remark by Professor Joseph Henry in 1842, and the 
second reference is in an essay by Von Helmoltz in 1847. The out- 
standing important date is, however, in 1853, when Lord Kelvin showed 
that the discharge would be oscillatory or continuous according as 


L : 
R? is less or greater than tz, where R is the resistance, L the induct- 
ance, and K the capacity of the circuit, all the factors being expressed 


: L | 
in consistent units. Thus when R? is greater than > the discharge 


is unidirectional, and when R? 15 less than T the discharge is oscil- 


latory. 
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INAUGURAL ADDRESS OF THE CHAIRMAN. 


Delivered November I9, I9OI. 
By C. H. WORDINGHAM, Member. 


Itis no formal or conventional thanks that I render to you this evening 
for the honour which you have done me in electing me Chairman of 
this highly important Local Section of the Institution, for I appreciate 
most keenly this mark of your esteem and confidence. I can only say 
that during my term of office I shall look upon it as a great privilege to 
do everything that lies in my power to promote the success of the 
Section. 

Our own local interests naturally first claim attention, and I think 
we may look back with satisfaction at last session, and forward with 
considerable confidence to the one now beginning, the second which 
has been held under the auspices of the Institution. Though so new 
under its present désignation, this gathering of electrical engineers 
from the district of which Manchester is the centre has a past of which 
we may well be proud. It dates back to 1893, and in its palmy days the 
papers read at its meetings were so excellent, and the discussions on 
them so practical and so bright, that there were not wanting those who 
drew comparisions between the old Northern Society and our own 
Institution. There was indeed at one time actually danger of rivalry 
between the two. Happily the possibility of such rivalry has been 
removed by the generous and wise policy adopted by the Institution, 
whereby the Council has recognised the legitimate desire of its members 
to hold meetings in the localities to which their work calls them, and to 
discuss with their immediate neighbours the problems with which they 
are confronted. This decision of the Council, the successful execution 
of which is so greatly aided by the tact and conspicuous ability of our 
Secretary, Mr. McMillan, cannot fail to have far-reaching effects upon 
the fortunes of the Institution, raising its status and increasing its 
importance far above anything that would have been thought possible 
a few years ago. 

It is not only, however, from the point of view of the Institution as 
an Institution that there is reason for congratulation. There can be no 
two opinions as to the great importance of having a single organisation 
resting on a broad and comprehensive basis to represent the electrical 
industry of the whole British Empire. 

It is a recollection of the early days of the Northern Society which 
makes me feel so confident of the success of our own local section ; for 
we have the same men among us that we had then, and we have in 
Mr. Cowan an honorary secretary whose competence for the work and 
energy in carrying it out could not be surpassed, while the inducements 
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to members now are much stronger than in the days of the Northern 
Society to prepare papers and take part in our discussions. Our 
proceedings form part of those of the Institution, and papers, if of 
sufficient merit, are printed in the Transactions, being equally with those 
read in London eligible for premiums. 

I trust, therefore, that members who are in a position to do so will 
come forward with papers, and that all will make a point of attending 
our meetings and taking part in our discussions. Especially do we 
want the young men, those who so far are unknown, for nothing is so 
painful as to hear only the same voices meeting after meeting, and not 
the least so to the speakers themselves, who often take part in the 
discussion solely because they do not like to see it languish altogether. 

One of the great difficulties we have to contend with is the provision 
of a suitable place in which to meet. Through the courtesy and 
generosity of the authorities of Owens College, this excellent theatre 
has been placed at our disposal, and I am quite sure that we all heartily 
appreciate their action. At the same time there are always some who 
will inquire into the age of a gift horse, and I have heard rumours of 
objections being raised, some saying that to meet at Owens is like going 
to school again, others that the College is too far from the railway 
stations, and soon. Good as the room is, one must recognise the fact 
that the college is a little {аг for some of the members to come who 
have trains to catch, and perhaps the physical comfort is not quite so 
great as is to be had, for instance, in the theatre of the Institution of 
Civil Engineers. Nevertheless, I cannot but think that there has been 
an enormous gain both as regards the comfort and dignity of our 
meetings through ceasing to hold them in an hotel, while the facilities 
for experimental demonstration are of no small value. 

It is quite hopeless for the Section, unaided, to provide any 
accommodation of its own, for we have but a limited grant for current 
expenses from the Institution, and we could hardly expect the Council 
in London to make any effort to provide a meeting-place for a local 
section when the Institution itself is entirely dependent upon the 
hospitality of older and richer corporations for its own meetings. There 
does, however, seem to me to be a way in which the difficulty might be 
solved if only the various engineering and scientific societies in 
Manchester would pull together. Manchester has long been prominent 
as an engineering centre, and it bids fair to eclipse all others as a seat 
of electrical enterprise. The local engineering and scientific societies 
are at least as important as any out of the metropolis; they are 
numerous, there being upwards of thirty local societies or branches of 
London Institutions, and some of them are extremely well provided 
with funds. At present all these societies meet in different places, 
many of them in hotels, and the aggregate rent paid in the course of a 
year must be very considerable. Surely all these Institutions, which 
have this in common that they are seeking to promote the interests of 
science in either its abstract or its applied form, might combine 
together and jointly provide or rent premises which should afford a 
suitable and convenient place of meeting, and, at the same time, 
accommodation for their respective libraries. 
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Manchester as a city prides itself upon being in the van of municipal 
progress, and its citizens have provided funds for an Institute of 
Technology, which has been planned to be as near perfection as money 
and thought can make it. With the opening of this Institute there is 
being inaugurated a new era in the technical education provided in the 
district, and the standing to be taken by this new Institute depends 
very much upon the line of action taken in the early stages. Already 
there are signs that the authorities desire it to be something more than 
a mere technical school, and it would seem that an effort is being made 
to secure this by making the status of the staff as high and dignified as 
possible. It appears to me that the opportunity exists at the present 
time of immensely adding to the dignity, and :of greatly improving the 
position, of this Institute, by the authorities stepping in and bringing 
together under its wing the various societies and affording them that 
material assistance which many of them lack, while receiving in 
exchange the support and weight of all that is best in the scientific and 
engineering circle of the !district. I raised this question some six 
months ago at a meeting of the Society of Chemical Industry in 
Manchester, and, judging from one or two paragraphs that have lately 
appeared in the newspapers, there seems some prospect of such a scheme 
being considered, and I sincerely trust that it will receive the hearty 
co-operation of all concerned. It is my intention to bring this matter 
before the Committee of this section at the earliest opportunity, and I 
hope that by our united efforts some effect may be produced, and that 
we may be able to report to you that our negotiations have been 
successful. 

I have referred to the libraries of the local societies, and I think that 
the want of a thoroughly good technical library is one severely felt in 
Manchester. In London there are the magnificent libraries of the 
Institution of Civil Engineers and the Institution of Mechanical 
Engineers, while for purely electrical work that of our own Institution is 
not to be excelled ; but we in Manchester are cut off from the advantage 
of these libraries, and practically there is no place to which we can go 
and find the books that we should like to refer to from time to time. 
We cannot even find the technical papers at our disposal. Many of the 
local societies have libraries of considerable value, but they are locked 
away in bookcases in the public rooms of hotels, and are by no means 
readily accessible. The modest library of our own Local Section is at 
present housed in a bookcase accommodated out of charity by one of 
our members. If only these books could be brought together in one 
place, and each society would throw open its library to the members of 
all the others, the gain all round would be enormous, and there would 
be a strong incentive to improve and add to the joint library if it were 
felt that it were of real use to members. 

Closely allied to the subjects to which I have referred is one that has 
been mooted on more than one occasion—namely, the promotion of 
social intercourse among the engineers of the district. None of the 
existing clubs can at all be looked upon as being particularly affected by 
engineers, and such as are political are by their nature unsuitable. It 
has, therefore, been suggested that a purely engineering club should be 
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formed, and the further suggestion has, been made that accommodation 
for the holding of meetings might be furnished in connection with such 
aclub. For my own part, while heartily approving of the. idea of the 
club, I do not think that it would be found desirable to combine it with 
the engineering societies themselves. It would in my opinion be far 
better that the two problems should be dealt with each in its own way, 
and that the highest possible standing should be taken by the 
institutions charged with the furtherance of science and engineering, 
and I sincerely trust that some such way of promoting their common 
interests as I have indicated may be found. 

There is one other subject of local interest to which I desire to refer, 
namely, the question of students of the Institution. In the days of the 
Northern Society, this class was practically non-existent, but now that 
we are a branch of the Institution, there are naturally a number of 
student members entitled to attend our meetings, and this class has been 
substantially augmented by the joining en bloc of a socicty promoted 
under the auspices of Mr. W. H. Gee in connection with the pupils at 
the Technical School. There must be a large number of young fellows 
who are receiving their education in the important engineering works 
of the district, and considerable numbers cannot fail to he attracted 
by the new Institute of Technology, so that we may look forward 
to a substantial growth in numbers of this class of member. All 
of ns who have been students of the Institutions in London, particularly 
of the Institution of Civil Engineers, must have felt what an immense 
benefit was derived by us from attending the students’ meetings 
organised by these Institutions. It is, in my opinion, difficult to over- 
cstimate the educational value of preparing papers to be read at such 
meetings and of the training in debate afforded by taking part in the 
discussions. I look forward to the Committee being able to organise, 
even with the present numbers, meetings of the kind, and I hope that it 
may be found possible to make arrangements for visits to works of 
interest during the session. 

Leaving now matters of merely local interest, I turn to the main 
object of my address, and I am bound to confess that I feel a difficulty, 
which it is some consolation to reflect is common to the writers of most 
inaugural addresses, in choosing a subject of interest. A review of 
engineering progress is only of use when undertaken by a master hand, 
and by a veteran who has borne the burden and heat of the day in the 
battle of engineering development, while it is not given to many of us 
to have the leisure or the opportunity for conducting scientific 
rescarches which may result in discoveries of a startling or epoch- 
making character. I have, therefore, thought that some slight comment 
upon one or two of the general questions which are agitating the minds 
of so many engaged in electrical enterprise might form perhaps the 
most suitable subject for this address, and I must rely upon the indul- 
gence of my hearers in respect of my shortcomings, both as to 
completeness and novelty. 

We are now passing through an extremely critical period in the 
development of electrical engineering in this country, and much 
depends on the attitude assumed by every individual member of the 
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profession. The stage in which electricity was untried and its useful- 
ness doubtful has gone by, the day of small things is over, and we are 
entering upon a new phase of development in which the science is 
invading the domain of the heaviest class of mechanical engineering. 
Are we prepared for this development ? Are we fit to step forward and 
say the demand exists in our country, we are prepared to supply it? If 
one may judge by common report, we are not. The undoubted fact is 
pointed to that contracts for large works are awarded to American and 
Continental firms, and the inference is drawn that English makers 
are unable to undertake them and are either behind the times or 
incompetent. | 

This charge is a serious one, and, if well founded, means not only 
that British Electrical Engineers are a failure, but that the decadence of 
the engineering industry of this country has set in, for what branch of 
engineering has not now been made electrical in some measure? Let 
us examine a little more closely the common report. Whence does it 
emanate ? Largely, no doubt, from the daily press, which is so anxious 
to obtain a sensation that it does not pause to consider the mischief that 
may be wrought by propagating it. Unsupported, the Press would 
probably not do much real damage, but unfortunately electrical 
engineers themselves seem to be but too prone to lend colour to the 
story of their own incompcetence; while the fact that their foreign 
competitors are successful in securing contracts is, to the lay mind, 
convincing proof of the latter's superior fitness to carry them out. 

It appears to me that all unsuspected the British nation is the most 
polite upon earth. When an English engineer goes abroad he seems 
to feel it incumbent upon him to express amazement at everything he 
sees, to praise every detail of the plant or works he inspects, if it differ 
from what he has been used to, without stopping to inquire whether it 
be better or worse, while he freely expresses his astonishment at some 
system of working that he is unfamiliar with, though it is more than 
likely that, had he been called upon to solve the problem, his own old 
despised methods would have afforded a solution twice as good as the 
one on which he lavishes his praise. When our Englishman comes 
home he makes pessimistic speeches, eagerly reported by the daily 
press, as to the marvellous advance made by foreign nations, belittling 
his own achievements and those of his colleagues, and for months he fills 
his technical papers with absolutely gratuitous fully illustrated adver- 
tisements of his rivals' works. Truly the politeness of the Englishman 
is magnificent, though some of us may think it is not trade, and that the 
words addressed to King Lear are applicable to him— 


* Thou gavest them the rod and put'st down thine own breeches." 


But the stay-at-home islander is not to be outdone by his travelled 
brother ; he has specifications to draw and plant to purchase. What is 
the blackest crime in his eyes? A preference for native-made plant. 
The mere suggestion that he has such a preference at once raises the 
blush of shame. No, he is no spread-eagle or jingo ; he does not think 
the nation whose name in foreign markets is а риагапіее оќ genuineness 
and good quality is any better. than others, and he will gladly waive his. 
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most cherished conditions in order to give an extra chance to the 
foreigner and thereby show that he is a “Citizen of the World,” 
forgetting that— 


* That man's the best cosmopolite 
Who loves his native country best." 


If, then, the engineers themselves eagerly praise their rivals, can we 
blame the man in the street if he assumes the inferiority of his own 
countrymen to be a fact, for he could never guess that their selí- 
depreciation arises from politeness and modesty. But, you will say, 
why do the contracts go abroad ? If the work can be done here, why 
is it not? That is a question which cannot be answered in a word 
because the reasons are manifold and varied. 

In many cases, no doubt, the work has been done for less money, 
and we will assume that it has been done as well as if the contract had 
been in English hands, though this assumption is, in many cases, far 
from the truth. Are we justified in drawing the deduction that because 
the machinery, or whatever it may be, is sold for less, therefore the 
foreign manufacturer has produced it at less cost than we, thereby 
showing that his practice is in advance of ours. By по теапѕ ; it must 
be borne in mind that the English market is a comparatively new one 
to foreign makers of machinery, and the merest tyro in commerce 
knows that in order to push his wares he must advertise. Advertise- 
ment necessarily costs money, and the payment may advantageously 
take the form of a discount on the goods first sold. For not only are 
they thereby brought under the notice of possible future buyers by the 
very fact of being got into the country, but the trade is actually begun by 
the very fact of lowering the price. It is an old device, but it never 
fails. Men always have sought for bargains and always will. The 
Nemesis comes later. 

Again, over-production and industrial depression in the producing 
country has, undoubtedly, had much to do with the low prices of some 
of the plant sent into the English market, manufacturers being ready 
to sell at almost any price rather than discharge their hands and admit 
the rotten condition of their trade. 

Low price is not, however, the only consideration that has deter- 
mined the award of contracts for electrical machinery out of England ; 
promises of early delivery have been almost, if not quite, as potent. 
The purchasers will procrastinate for months or years, allowing every 
trivial matter to delay them, but once they determine to go forward 
their lethargy is exchanged for panic and unreasoning haste. Here 
again, over-production enables the foreigner to secure many of the 
contracts which in this case are often awarded to him regardless of 
price because he can promise early delivery. The purchaser never 
considers that other contracts which must be executed first cannot, by 
their very nature, be carried out in so brief a period, and he finds sub- 
sequently to his cost that the plant, for which he has paid more than he 
would have had to pay to an English firm who required a reasonable 
time for delivery, is on his hands deteriorating and costing him heavy 
sums for demurrage. Meanwhile there has been the usual cry of the 
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vastly superior resources of the foreigner, and the mischief has been 
done to the English manufacturer—mischicf which is unremedied because 
the public never hears the end of the tale. 

I ought perhaps to touch upon the question of the relative quality of 
the British and foreign-made machinery. Let us at once grant that 
much of the latter is excellent, while, at the same time,it must in common 
farness be admitted that much is unconscionable rubbish. Do we, who 
are in daily contact with British machinery, honestly believe that our 
manufacturers are in any one respect incapable of making as good 
machinery as any imported in this country ? Do we not know that from 
British workshops is turned out machinery that it is impossible to better, 
whether in design, in workmanship, in finish, or in durability? And do 
we not know that our alleged inferiority is a delusion ? 

In the past, English engineers have been in the forefront. An 
Englishman, nay, a Manchester man, John Hopkinson, taught the whole 
world how to build dynamos. The earliest attemptsat heavy electric trac- 
tion were made in this country. An Englishman, Ferranti, first conceived 
and executed the idea of commercially working at high pressure and 
devised the means whereby it might be done with perfect safety. An 
Englishman, Hughes, gave to the world the invention which made 
long-distance telephony possible. By the invention of an Englishman, 
Swan, domestic electric lighting became an accomplished fact, while 
English engineers have carried out almost the whole of the submarine 
cable work of the world. With this record behind us, is it likely that 
we shall cease to be in the van? Most assuredly not, unless our fellow- 
countrymen take the heart out of us by ceasing to believe in our 
capacity and by belittling our achievements. 

I do not wish my remarks to be misunderstood. I do not for one 
moment seek to imply that good work is not turned out from foreign 
workshops or that we as a nation have any monopoly of engineering 
Skill. On the contrary, I yield to none in my admiration of the 
splendid achievements of our. American brethren and of other nations 
more distant in blood but nearer home who are following in their steps. 
I have merely endeavoured to show that the position at the present 
time really is that English makers are fully equal to their competitors, 
but they are being driven out of their home market, not because their 
rivals can produce better, more cheaply or more quickly than they, 
but because these competitors are willing for a time to undersell 
them, while over-production enables them at present to forestall 
them. 

We have seen that no help is to be expected by English manufac- 
turers from their colleagues. What, then, are they to do? I do not 
presume to suggest a remedy, but it does seem to me that whatever it 
may be, one thing is certain—they must join hands and combine, not, 
as has been done in many branches of commerce, to raise prices, but to 
lower them and so drive away the competitors who now menace their 
very existence, even though for a time they should be forced to face 
exceedingly lean times. Unless they do something drastic, and do it 
quickly, they will find themselves, to use a cant phrase, “frozen out," 
and the foreigner will be master of the situation. Then will the pur- 
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chasing public in vain seek for the English competitor, and bitter will 
be the repentance of the present cupidity. 

Having extolled our virtues as electrical engineers, it is only right 
that I should turn to our faults. It seems to me that two stand out 
prominently. One is a tendency to rush to extremes, the other is a 
want of foresight. The former of these faults showed itself in the 
early stages of the industry, one of its most noteworthy manifestations 
being the once notorious conflict between the advocates of high- 
pressure alternating and low-pressure continuous current; feeling 
actually ran high over such a purely technical matter, but now con- 
troversies involving wide issues are conducted with positive acrimony 
and the views are as extreme as those held by opposed political parties. 
Indeed some of the controversialists have forgotten the traditions of 
science, and have descended to invective, misstatements, and other 
discreditable weapons of the hustings. 

There seems an entire absence of a judicial attitude of mind, and it 
is rare to find on either side the admission of the possibility of reason 
on the other. One example will at once occur to every one, namely, 
the question of municipal versus private enterprise. In its essence 
this is a purely political consideration, and with politics, and their 
attendant prejudices and intrigues, it is well for engineers to have 
nothing to do so far as their work is concerned. To some of us it 
may seem that Tennyson’s words have a wider application than that 
implied by their context, that— 


“Our little systems have their day, 
They have their day and cease to be,” 


applies to all forms of government, that all are “ broken lights” of true 
and equitable rule, and that probity and uprightness in individuals are 
far “ more than they." In other words, that people may be justly and 
well governed by the unbridled autocrat, and by the latest socialistic 
community, provided that in each case the individuals bearing 
authority are single-minded and seek the good of the governed. 

Be this as it may, it cannot be denied by those who have had 
experience of undertakings managed both by a board of directors and 
by municipalities that both can attain excellent results, and that both 
can produce abject failures. It is no more fair to brand every member 
of a municipal council as a “ Bumble,” a fool, a seeker after his own ends, 
and blinded by prejudice, obstructiveness and ignorance, than it is to 
look upon every member of a board of directors as an unscrupulous 
company promoter, a selfish grabber of dividends, and an enemy to the 
public. Both views are absolutely unjust; and able, upright, con- 
scientious, and straightforward men will be found directing the opera- 
tions of both classes of undertaking. 

No fair-minded man can deny that some local authorities have 
adopted tactics of the most unfair obstruction, and have sought to 
prevent others carrying out work which they themselves have refused 
to do ; but, on the other hand, it must equally be admitted that some 
companies have been worked solely in the interests of the shareholders 
without any regard to the welfare of the public ; while others, in order 
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to gratify the greed of the promoters, have been overloaded with capital 
to such an extent as to render it impossible for them to satisfactorily 
serve the public. 

Having glanced at the extreme views so constantly reiterated, let us 
endeavour for a moment to look at the question impartially. Judged by 
results, as shown by the returns in the excellent manual compiled by · 
Mr. Garcke, who certainly cannot be accused of unduly favouring 
municipal enterprise, the municipalities have done better than the 
companies, for they have made a profit on their capital only one-half 
per cent. less than the companies, while the average price they have 
charged is over 22 per cent. less. The subject must, however, be 
considered from other points of view, for the side issues are of far- 
reaching importance. | 

Admitting for a moment the principle of municipal trading, what is 
its proper sphere, and what are its limitations? for very few, except 
professed communists, would advocate its indefinite extension. The 
city of Glasgow may be looked upon as the apostle of municipalisation, 
and therefore, in order to find the case fairly stated from the municipal 
point of view, I cannot do better than quote the Lord Provost of that 
city. In defining what, in his opinion, were the conditions necessary 
to render an industry a proper one for a municipality to take up, he 
stated that it must be monopolistic in its nature, must be a necessity 
for the inhabitants of the district, and must cause interference with the 
streets. Such a definition, while allowing a large field for municipal 
enterprise, imposes well-defined limitations. For example, it effectually 
cuts at the vicious principle of municipalities becoming manufacturers ; 
by no possibility can any kind of manufacture fulfil all three conditions 
of being a monopoly, a necessity, and of causing interference with the 
streets. If municipalities stop short at the point indicated, and confine 
themselves to employing plant manufactured by private companies, 
and using it for the supply only of public necessities, the manufacturing 
portion of the electrical engineering profession, at all cvents, has 
nothing to lose and everything to gain by the establishment of under- 
takings for which capital is found at a low rate of interest. 

The danger, however, cannot fail to be ever present that the bounds 
will be overstepped. For example, a large tramway undertaking must 
of necessity have extensive repair shops for both its carsand its motors. 
How great will be the temptation to keep these shops busy by making 
new cars and new motors? It is sound policy from a purely trading 
point of view, and those responsible for the financial success of the 
undertaking would be more than human if they let ideal considerations 
of the ethics of municipal trading stand in their way. It is this danger 
of overstepping the bounds that leads many to disapprove of all muni- 
cipal trading on the principle actuating the ardent temperance reformer 
when he will have nought of the moderate drinker ; but less prejudiced 
persons hold that, if a thing is good in itself, it is a pity to condemn it 
for fear of abuse. 

However satisfactory properly regulated municipal trading may be 
to the manufacturer, there are other issues affecting the industry generally 
that cannot be so regarded. The charge is often brought against 
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municipal undertakings that they are of necessity parochial in character, 
and that in consequence, unless private trading is introduced, no large 
schemes such as those of power distribution or comprehensive tramway 
schemes can be worked. This contention is based on two fallacious 
assumptions. In the first place, there is nothing to prevent local 
authorities combining for a large scheme. An example of such com- 
bination for lighting and power supply is seen in Manchester, where 
some eight or ten neighbouring authorities have agreed to take their 
supply of electrical energy from the city, while an even larger scheme 
for the tramways has been successfully negotiated if one overlook the 
temporary secession of Salford. The second fallacious assumption is 
that with trading companies the parochial difficulty will disappear. 
Those who have tried to arrange comprehensive schemes find that the 
difficulties of satisfying all requirements often prove insuperable, and 
the enterprise has to be dropped. 

That there are inherent weaknesses in municipal management 
cannot, I think, be denied, and first among these I should place the 
liability to an entire change in the constitution of a committee, not on 
account of any inability to manage the undertaking, but purely from 
political reasons. Nothing can be worse for any undertaking than 
sucden and erratic changes of policy, and this want of continuity often 
produces disastrous results. A most noteworthy instance occurred 
recently in a metropolitan district in which an extensive and useful 
lighting and tramway scheme was projected, carried through its initial 
stages, and then, owing to a change in the constitution of the cominittee, 
suddenly dropped. 

Next, the large size of most municipal committees tends greatly to 
hamper the work and to preclude the prompt action necessary in com- 
mercial undertakings, while the class of man preponderating on town 
councils tends each year to deteriorate, and men whose business is con- 
fined to the keeping of a small shop find themselves called upon to 
direct large undertakings requiring for their conduct a very Napoleon 
of commerce. . 

Again, there із a fatal tendency on the part of members of municipal 
committees to seek to shine as technical experts, often deriving their 
knowledge from some friend who has a smattering of the subject. These 
men insist upon interfering with their paid advisers, frequently marring 
their carefully thought-out plans. 

Lastly, there is the danger—and it is a very serious one—of political 
considerations being allowed to influence the policy of municipal 
trading committees. More especially is this the case where any question 
of labour arises. Many members are in abject terror of the working- 
class vote, and will go to almost any length to avoid losing it, with the 
result that the undertaking is severely handicapped. 

Other charges, such as a tendency to corrupt practices, to favouritism 
of individuals, and so forth, are frequently brought against municipali- 
ties, but the tendency to these vices is inherent in human nature, and 15 
quite as rife among directors of public companies as among members of 
municipal committees. 

In spite of the drawbacks I have enumerated, excellent results, as we 
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have seen, are produced under municipal management, and the reason 
for this is, I think, to be found in the class of man who has been attracted 
to the work. Municipal electrical engineers have shown themselves to 
be of quite a different stamp to the proverbial municipal official, and as 
a body they have displayed a spirit of independence, a keen enthusiasm 
for their work for its own sake, and an ardent desire to improve their 
undertakings in every possible direction. Central station practice owes 
much to municipal engincers,.and one cannot but contrast the open 
manner in which they publish their results and experience with the 
policy of secrecy pursued by most of the officials of public companies, 
who have fallen very far short of the ideal set up a good many yearsago 
by Colonel Crompton, who was, I think, the first to urge upon electrical 
engineers the necessity for full publication in the interests of the industry 
at large—a doctrine which he was one of the first to put into practice. 

Let me now leave this instance of the tendency to rush to extremes, 
and turn to another in which zeal has been allowed to outrun discretion 
and common sense. During the past year much commotion has been 
caused by the action of certain gas and water companies in the matter 
of possible danger from electrolysis arising from the operations of 
traction systems. The tendency mentioned has been evinced by both 
parties to the controversy. On the one hand, the gas and water com- 
panies, not satisfied with protecting their property, have sought to 
impose conditions which would make it commercially impossible for 
electrical engineers to carry out their work, while on the other, electrical 
engineers have sought to repudiate responsibility altogether. 

Let us look at the position impartially for a moment. Immense sums 
of money, belonging to communities or to individual shareholders, are 
invested in gas- and water-pipes laid underground, on the due main- 
tenance of which depends the distribution of such a vital commodity as 
water and of such a universally employed agent as gas. There arises a 
new industry which necessitates the passing of electric currents through 
the soil in which these pipes are laid. It is known that under certain 
conditions these currents may damage the valuable property already in 
existence. Isitto be wondered at if those responsible for such property 
become alarmed and seek to insure themselves against loss if damage 
should occur? It is urged that if the promoters of electric traction 
comply with certain arbitrary regulations drawn up by the Board of 
Trade when the state of knowledge of the subject was far less complete 
than now, they should be exempt from all liability for damage caused, no 
matter how great this may be. Is this position consistent with common 
fairness? The gas and water companies have, with the sanction of 
Parliament, expended their money in order to meet public wants. Is it 
just that another company, which no less, but no more, than they, serves 
the public, should be allowed to conduct its operations in such a manner 
as to destroy their property. All parties should be granted the free use 
of the soil, but no one of them should be allówed to damage any other. 

Surely, the only reasonable position is that the traction companies 
should be allowed to carry out their work in the manner sanctioned by 
the Board of Trade, but if damage can be proved to have been done 
by them then they should bear the cost. If the traction companies have 
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the confidence in the Board of Trade regulations which they profess to 
have, they surely cannot object to this, because they will do no damage. 
On the other hand, if they до the damage they ought to pay for it. It 
is objected that many bogus claims for ordinary corrosion will be made 
on the electrical companies ; this may be so, but, after all, the onus of 
proof of damage lies upon the gas and water companies, and the 
electrical engineering profession has not hitherto proved itself lacking 
in either ingenuity or ability, and may safely be relied upon to take care 
of itself. At all events, such a consideration ought not to affect the 
broad question. 

In this controversy the disastrous effect to electric traction gencrally 
that would arise from a wholesale destruction of gas- and water-pipes, if 
such destruction should take place, seems to have been lost sight of, and 
I venture to think that those who point out the danger and enforce 
attention being paid to it now are far greater benefactors to the pro- 
fession than those who vociferate that there is no danger, and urge on 
traction companies to what might be ultimate ruin. There is no doubt 
that if the danger is recognised now, it can very well be avoided, for a 
much lower limit of drop of potential than that allowed by the Board of 
Trade can easily be worked to. 

The second of our failings to which I have alluded is a want of fore- 
sight. A striking instance of this is the recent extensive promotion of 
Bills for the establishment of companies to generate electrical energy 
and distribute it over large districts. I do not wish for the moment to 
say one word upon the merits of these schemes. No doubt there are 
circumstances under which they may advantageously be undertaken, 
while, in other instances, it is difficult to see any justification for them. 
Іп апу case, however, it is certain that they will require for their carry- 
ing out enormous quantities of plant of very large calibre. This demand 
is suddenly sprung upon our manufacturing firms; can we expect they 
will be ready to undertake the work? Surely the better plan would 
have been to provide the capital first to extend existing companies, or 
even to establish new ones for making the plant, and then to have 
promoted the power companies to purchase this plant. 

Looking at the subject from a commercial point of view, there is 
after all but little advantage to the electrical industry as a whole in 
extending the use of electrical appliances if the manufacturers cannot 
share in the development. I greatly fear that the course adopted will 
result in the orders going abroad through the unfortunate want of fore- 
sight in thus putting the cart before the horse, the labour and enterprise 
expended by the promoters of the schemes availing thus only to increase 
the prosperity of our commercial rivals. 

I might adduce many examples of want of foresight, but I will only 
allude toione other which has particularly struck me, probably on account 
of my long connection with central-station work. I refer to the way in 
which central stations are so often designed. In the early days of 
public supply it was not surprising that the demand should be under- 
estimated, and stations be put down on a totally inadequate scale, but 
now, in the light of accumulated experience, it is astonishing to see the 
initial instalment arranged for apparently without any regard to future 
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increase, or if such increase be allowed for at all, it is of extremely 
limited extent. Over and over again one sees designs such that it is 
physically impossible for the station to grow, and within a few years an 
entirely new station will have to be provided. Only a few months 
since I read a description of a station concerning which, it was naively 
remarked, that the first instalment, in which a capacity of r,ooo H.P. 
was allowed for, would be self-contained and independent of further 
extensions later on, as though this were a merit of the design ! and this 
in face of the efforts that are being made to centralise supply even at 
the expense of costly long-distance mains. The two self-contained 
stations might almost as well have been a couple of miles apart as far 
as cost of management is concerned, while there would have been the 
benefit of such. advantage as might arise from cheapening the distribu- 
tion. In the same station the entrance to the repair shop was through 
the battery-room !—more want of foresight ! 

In concluding this address, time will only admit of my touching very 
briefly on one or two of the problems most likely to occupy our 
attention in the near future. 

One matter which was mooted in the very early days of the electrical 
industry has come into great prominence in this country during the last 
two years, namely, the supply of electrical energy over large areas 
including small and scattered towns and villages. It does not appear, 
however, as though the method by which this is to be accomplished has 
received the consideration it deserves. In place of the problem being 
gone into thoroughly, it seems to have been assumed that a few enor- 
mous generating stations, supplying in some cases to distances of twenty 
miles, must be the right thing, and there has been vague talk in which 
coal, gas engines, gas producers, recovery plant, revision of Board of 
Trade regulations, and so forth have figured obscurely. 

These hazy ideas, eked out with violent vituperation against every 
one venturing to offer opposition, have given the impression that the 
difficulties have all been solved, and that it only remains to carry out the 
work. No explanation has been vouchsafed as to how the superposition 
of a number of similar demands, each with a low load factor, is goingto 
give as a resultant an improved load factor, or why a number of in- 
herently unprofitable towns, when connected together by mains the 
interest charges on which represent a large proportion of the total 
probable revenue, will be converted into a gold mine by the use of the 
magic words, “supply in bulk." 

Granted that gas engine driving with producer gas in conjunction 
with recovery plant gives the cheapest production of electrical energy, 
what evidence have we that such engines will enable alternators to be 
run in parallel satisfactorily under working conditions? and it must be 
borne in mind that long-distance transmission must almost of necessity 
be by alternating currents. Recovery plant no doubt gives excellent 
results on a 100 per cent. load factor, but its successful working 
requires nice adjustments among all its parts, and its capital cost 
is high. What will be the effect of the sudden fluctuations of demand 
incidental to a central station, and how will the question of cost be 
affected when the interest charges have to be earned in an actual 
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station with a load factor very much below тоо per cent? Again, is 
it remembered that in order to get the steam necessary for the recovery 
plant at a low cost about one-fourth of the generating plant must be run 
by non-condensing engines,and this proportion must be preserved at 
all loads ? 

I do not say that these difficulties cannot be surmounted; I think 
they can; but I do say that we have heard little of the way in which 
they are to be met, and that meanwhile great mischief is wrought to less 
ambitious schemes by the Utopian pictures which have been presented 
to the public of power supplied to consumers at prices no greater than 
the actual cost of generation, the cost of distribution and other essential 
charges being left out. 

That gas engines driven with producer gas will in the future sup- 
plant steam in electrical generating stations there can be very little 
doubt, but their use will not be confined to stations of abnormal size, 
for their inherent advantages are very great. The consumption of fuel 
is but little more than half that of steam-driven plant, and the cleanli- 
ness and compactness of the system, coupled with the reduction of 
radiation and stand-by losses, render possible great strides in the 
direction of cheapening electrical energy even in very small stations. 

There is one method of supplying small towns and villages which 
has not, I think, been put forward, but which might prove a cheap and 
casy solution of giving to them the advantages of electrical energy. 
There are few towns so small as not to have gasworks. Why should 
not the gas company cstablish producer plant and sell the gas to a 
locally-formed electrical company or to the local authority to use for 
driving electric generators? I should deprecate the gas company 
undertaking the electrical portion of the business themselves, partly 
because their staff would not have the necessary experience, partly 
because they would be tempted to stifle the electrical work. On the 
other hand, if the course I suggest were taken each portion of the work 
would be looked after by those most competent to deal with it, and it 
would be to the interest of both parties to make the electrical under- 
taking succeed, for the gas company could make as great a rate of profit 
on the producer gas as on the ordinary lighting gas, while still enabling 
the electrical company to produce cheaply. 

In considering this matter it must not be forgotten that the prepara- 
tion of producer gas for gas engines is by no means a simple matter, 
and if to this be added an ammonia recovery plant a considerable 
amount of skill is required on the part of those looking after the 
manufacture. This skill is available in gasworks, and for this reason 
it would pay to put down recovery plant for producers working on 
a much smaller scale if the operations are carried on in connection 
with such works than if the plant were isolated. 

This extension of the gas company's make would not be at the ex- 
pense of their existing business, for it is a matter of experience that the 
introduction of the electric light sets a higher standard of illumination, 
and actually increases the demand for gas for ordinary purposes, hence 
the introduction of the electric supply would be a clear gain to the gas 
company. 
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Gas engineers who are not wilfully blind to events must recognise 
that the public likes electric light and power if it can get them at a 
reasonable cost. It would be far wiser for them to accept the inevit- 
able and, by joining hands with those they now look upon as enemies, 
participate in this new outlet for their enterprise. Electrical engineers 
on their part would do well to recognise that gas engineers can help 
them, and to invoke their assistance in the application of gas for the 
production of electrical energy. 

Perhaps the most important question of all at the present time is 
what has been infelicitously called the “ elcctrification of railways ; " 
that is to say, the application of electrical energy to the propulsion of 
ordinary railway trains over long distances. 

Electric- tramways have now become firmly established in this 
country, and there can be little doubt they will shortly become prac- 
tically universal. The horse as a rival was easily beaten; the steam 
locomotive is one more difficult to displace, but the problem is already 
being vigorously attacked, and it looks as though for underground 
railways the battle is already won. The invasion will not, however, 
stop here, and already the application of electric traction to the main 
lines of railway is receiving serious consideration. What the result 
will be is by no means certain, but the present tendency to higher 
speeds is wholly in favour of electric traction. Though there is un- 
questionably much yet to be worked out as regards details, the future 
is distinctly promising. 

This problem is in reality closely allied to the one to which I have 
already referred, namely, the supply of electrical energy to large areas 
of country, and the satisfactory solution of one problem will go far to 
help that of the other. Much depends upon the question of the pressure 
of supply to the motors on the trains, and on whether direct or alter- 
nating currents will be the more satisfactory. These are matters that 
must be gone into closely in each individual case with full data, but that 
à solution will be found can hardly be doubted. 

I am compelled to leave untouched many matters that I might well 
include, but I have already trespassed far upon your patience, and I will 
therefore conclude with the expression of a hope that the Session before 
us may be full of profit and interest to our members, and that many of 
the matters which I have so briefly touched upon will be fully discussed 
and ample consideration be given to widely differing views. 
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ON “SELF-INDUCTION.” 
(Reporicd from Shorthand Notes.) 


Those present would be aware how gréat a part self-induction 
played and must continue to play in the development of their 
science; how important it was both in theory and practice. He 
did not hesitate to say that, after resistance—and it might be even 
before resistance—it was the most important idea in electrical science. 

Self-induction was a fundamental property of electricity, and its 
true and full recognition was essential to the treatment of alternating 
and fluctuating currents of any kind. It had revolutionised the theory ' 
of lightning conductors, and it was likely greatly to improve, if not 
revolutionise the sending of telegraph messages through long submarine 
cables. The early theory of submarine cable signalling, due to Lord 
Kelvin in the 'fifties, left self-induction out of account. Now it had 
been introduced into the theory, chiefly by Oliver Heaviside: but the 
full importance of it from a practical point of view had not yet been 
realised nor applied in practice. Whether it would be possible, he did 
not know ; but if it were possible, it would be the only way, as far as 
he saw, in which long-distance submarine telephony would be prac- 
ticable. One could telephone great distances overland, but when a 
submarine cable was included in the line, the voice got wiped out; 
and the remedy was the proper application of self-induction or 
electrical inertia. | 

The idea of self-induction was one which was more familiar to the 
younger members of the engineering profession than to the older ones. 
The name “induction” was used by Faraday in a simple qualitative 
sense, meaning little more than the inductive "influence" of one 
conductor on another. But Clerk Maxwell gave it a perfectly definite 
mathematical significance. The induction of a circuit signified in 
Maxwell’s works the number of magnetic lines of force effectively 
threading the circuit ; and the number of lines per square centimetre, | 
or per square inch for that matter, was the induction density : commonly 
denoted by B. 

The number of lines effectively threading a coil of п turns of area A 
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whose axis makes an angle 6 with the direction of the lines is— 
N = B x effective area = и H . n A cos 0., where р was the average 
permeability of the medium surrounding the coil. If the lines were 
due to current flowing in the coil, their number was the quotient of 
the magnetomotive force, 475 C, by the resistance offered to the 
passage of magnetic lines (//u A + similar terms). If, therefore, 
l and A stood for the average effective values of the length and area 
of the magnetic lines, this quotient for unit current was 4x np AJI. 
This number might thread through т” turns of another circuit close by, 
in which case the coefficient of mutual induction was М = 4r n n' p AJI. 
But they must thread through the л turns of the original coil, whose 
coefficient of self-induction was therefore L = 47 n? p AJI. 

Our electrical machinery was all based on Sturgeon's or Arago's 
clectromagnetic discoveries on the one hand, and on Faraday's discovery 
of electromagnetic induction on the other. The fundamental law of 
electric motor machinery was d W = С.а №; expressing the work done 
when a conductor, carrying a current C, cuts lines of magnetic force. 


And the fundamental law of the dynamo was expressed Бу e= a viz., 


that the induced electromotive force was the rate of cutting of 
the lines. 

Returning to the expression for self-induction, it was seen to be 
p times a length. They would often find it stated that the capacity 
of a Leyden jar or condenser of any kind was a length, that the self- 
induction of a conductor was also a length, and that resistance—and 
this was no doubt the most familiar—was a velocity. He was sorry to 
say that some great authorities used to preach this doctrine long ago, 
to his own and others' great confusion. But he gradually came to see 
that resistance was not a velocity, nor was either of the other quantities 
a length. Electrical resistance was not a mechanical thing at all; 
neither was self-induction or capacity. Resistance was y limes а 
velocity ; and self-induction р times a length. But what р was we 
could not yet say. That was one of the things they had got to learn. 
It was the great discovery next to be made in electrical science. Not 
only did they not know the numerical value of y, they did not know 
even the meaning of it; they did not know for certain what kind 
ofathing it was. He himself believed it to be a density ; and in that 
case it would be measured in grammes per c.cm. or in pounds per 
cubic foot. 

Why was such great stress laid on self-induction? Because it was 
a property of electrical conduction which you could not possibly avoid. 
You could not have a current without its being surrounded by con- 
centric circles of magnetic force, and this field was essentially self- 
induction. Resistance might be called an imperfection of electrical 
conductors. But self-induction was independent of material conductors, 
it applied equally to a perfect conductor : it was a property of the space 
around it. 

Resistance, then, was и times a velocity, and self-induction р times 
a length. Similarly capacity was k times a length, & being the 
dielectric constant, the quantity introduced by Faraday in the 'thirties. 
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p first appeared іп the writings of Lord Kelvin in the 'forties. These 
constants » and & were assumed to be unity for air, for. lack of better 
knowledge. 

There were three forms which the electrical energy in a circuit 
might take: (1) The static, measured by + Q"/S, S being the capacity 
of any part of the circuit holding at any moment a charge Q. "This 
quantity was known to Franklin. (2) Energy lost in frictional dissipa- 
tion, R C*/, a quantity first investigated by Joule. And (3) kinetic 
energy, + L С°, known first to Kelvin and Helmholtz. The first part of 
these forms was like the energy of a wound-up spring ; the second was 
a frictional loss appearing as heat ; and the last was analogous to the 
energy of a flywheel or other mass in motion (4 m 1°). 

If we examined these three quantities, we should find there was no 
need to call any of them electrical. They were all energy expressions. 
For example, С? was measured by a force divided by y, giving 4 L Са 
as (и X a length) (force Ји), or force x a length, = work or energy ; real 
mechanical energy: 

There were next three time constants of which he would speak. 


There was (1) the time during which all but ЕЈ: of the original 


charge would leak out of a condenser. This could easily be shown 
to be equal to the capacity of the circuit into its resistance. 
T=SR=(k xa length) (р x a velocity, which turned out to be 
an actual time, expressible in seconds or days or weeks, because the 
product k р was the reciprocal of the square of a velocity. 

We did not know the nature of either the dielectric constant or the 
permeability by itself, but we did know what their product was. One 
of the most brilliant of Clerk Maxwell's discoveries was that the 
product k » determined the velocity of propagation of electro-magnetic 
waves in such а way that k u = 1/22, 

This expression S R for the time constant embodied the elementary 
and original theory of telegraphs. For as both the capacity and the 
resistance of a cable increased directly with the length, the retardation 
(T = S К) of the cable increased with the square of the length. If you 
doubled the length of a cable you quadrupled the difficulty of signalling 
through it. The first Atlantic cable was five times as long as any 
previously laid down, and it was twenty-five times as hard to work. 

(2) The second time constant was that which controlled the rate 

R 

of rise of a current, c-r (: eu) ; and was measured by the 
quotient of the inductance by the resistance, L/R. If the induct- 
ance is taken in henries and the resistance in ohms the ratio is 
expressed in seconds. You could not suddenly start a current in a 
circuit, and the more self-induction the circuit possessed the more 
time was necessary for the current to start. Starting a current in an 
inductive circuit was like setting a heavy mass in motion—like the 
starting of a barge in a canal. The law of starting a barge is 
mathematically the same, and the same curve of speed-increase 
applies. 

Dr. Lodge illustrated inertia by a model consisting of four 50-1Б, 


lE ti 


CU toss curam лі 


1901] ON THE OPENING OF THE SESSION, 1901-1902. 869 


weights on a platform mounted on rollers. A strong cord was snapped 
in the effort to start the weights suddenly ; whilst a single thread would 
easily set them in motion if only time were taken. And it was pointed 
out that a steady current, like a steadily moving barge, was simply obey- 
ing the first law of motion. It is subject to no force ; all the propelling 
force is expended on resistance. 

The delay in reaching the final value of current after applying a con- 
stant E.M.F. to an inductive circuit was strikingly shown by including 
in the circuit a model “sounder ” adjusted to work at a current only 
just less than the final value which the current will attain. The current 
was shown to be still appreciably rising after a minute’s time in a 
circuit having but moderate inductance. The conditions which can 
alter the time constant were also shown by means of the model. 

(3) But there was yet another time constant of a circuit—the period 
of free oscillation. Kelvin showed, in 1853, that the discharge of a 
condenser through a circuit having self-induction but small resistance 
consisted of oscillations having a period 2x ,/ (SL), dying out accord- 
ing to the time constant SR. 


Га 


— г SR —. 
Q = Qoc COs Js L 


Self-induction imparts to the current inertia, or the power of over- 
shooting the mark. Some circuits possess not only self-induction 
but capacity, and have, therefore, a natural period of free oscillation if 
the resistance of the circuit only be small enough. When periodic 
impulses were impressed on such a circuit, their effect was greatly 
enhanced if their period coincided with that of free oscillation of the 
Circuit itself. 

The lecturer showed that the heavy weights of the model, when 
controlled by springs supplied at either end, could be set in violent 
oscillation by very small impulses if these were suitably timed. He 
referred to the fact, observed by Grove, that a Rhumkorff coil works 
better with than without a condenser in scries, on an alternating 
Circuit, but only if the circuit is in tune with the supply frequency. 
The rebound from the condenser helped the reversal of current when 
this was the case. The “Ferranti effect” in long cables and all 
the now well-known effects of resonance in alternating-current circuits 
were illustrations. 

A circuit tuned to the period of an alternating supply which was 
available (or else to onc of its overtones) was shown to oscillate—a 
telephone included in the circuit giving a clear note when the capacity 
was properly adjusted ; and the harmonics also were picked out and 
made audible. 

Dr. Lodge said it used to be doubted whether electricity was any- 
thing like a substance with inertia, like matter had. It was turning out 
that it had true momentum, so much so that he doubted if any other 
momentum existed. Instead of explaining electrical phenomena by 
mechanical devices they would, hereafter, he believed, seek to explain 
Newton’s Laws of Motion by means of electricity. The inertia of 
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electricity was a reality, and he doubted if there were two kinds of 
inertia. The inertia of matter they had got accustomed to, thc inertia 
of electricity was a comparatively recent discovery, largely due to the 
work of J. J. Thomson at Cambridge. Не believed matter would turn 
out to be really an electrical phenomena in itself. By the aid of the 
vacuum tube, Dr. Lodge showed that electricity in motion had kinetic 
energy and momentum. In saying previously that self-induction was 
inseparable from an electric current he only spoke then of an electric 
current going through wires, but he need not have limited himself to 
wires. It would be just the same with a convection current. If he took 
a charged cannon-ball and shot it, they had an electric current. 
Directly a charged body moved it generated a magnetic field, and that 
magnetic field continued the motion. It was equivalent to inertia. 
You could not start the thing without generating the field, and you 
could not stop it without stopping the field. Electricity had true 
inertia therefore ; whether matter had as well he did not at present 
assert. They could get electricity isolated and apart in the vacuum 
tube. In the cathode rays, studied by Crookes and others, you had 
electrons or charges of electricity which, impinging on a piece of 
platinum, raised it to a red heat. That meant they had kinetic energy. 
They generated heat as a cannon-ball striking a target generated heat. 
A further demonstration of Crookes with the vacuum tube illustrated the 
momentum of the electrons by operating a small windmill. Thus self- 
induction, Dr. Lodge concluded, resolved itself into something which 
he believed would turn out to explain what they had already got so 
thoroughly accustomed to, viz., simple mechanical inertia. 

Mr. H. Lea, in proposing a vote of thanks to Dr. Lodge, said this was 
the second occasion within twelve months on which he had devoted 
himself to their interests. The mystery which surrounded the idea of 
electricity was clearing. It seemed now as if, though they had not 
acquired a perfect knowledge of what it was, they were on the verge 
of it. 

Mr. J. C. VAUDREY seconded the motion. He said Dr. Lodge had 
put the mystery of electricity before them in a clearer way than he had 
ever heard it explained before. 

The vote of thanks was carried with acclamation. 

Dr. LODGE, in response, said that Benjamin Franklin was a great 
deal wiser than had been thought, and that electricity was much more 
like a fluid, consisting of particles, atoms, much smaller than any atoms 
of matter. He was therefore unexpectedly near the truth. In this 
twentieth century they were coming to revert rather to something 
which, though a great advance on Franklin's view, was a development 
of it and not a contradiction of it. 
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THE INSULATION OF CONDUCTORS OF 
ELECTRICITY IN INDIA. 


By K. A. SCOTT-MONCRIEFF, Member. 
Paper read at Mecting of Section, March 29, 1901. 


I shall endeavour to lay before you in this paper the 
results of my own experience and of what I have learnt of 
other people’s experience on this all-important question of 
insulation. I cannot introduce to you any novel theories 
or discoveries, but I think consideration of this paper may 
lead to a discussion of many of the minor troubles in this 
country. I have classified the different conductors under 
various headings, which, I think, include those used under 
all ordinary circumstances. 

I. Insulation of Aérial Lines—(a) Bare Conductors. 
The Indian Telegraph Department have designed a system 
of aérial lines which is in every respect a model one. I 
have made use of it for aérial electric lighting and power 
. Circuits in four or five different places. Perhaps I should 
say that I have copied it. The expression made use of sounds 
as if I had been switching dynamos on to the main telegraph 
lines. Such is not the case, although I have been greatly 
complimented by a lady for the clever idea of sticking the 
electric lamps on to the telegraph posts. 

The insulators I have used are, with one exception, of the 
Indian Telegraph pattern, the exception being an oil insu- 
lator which I have always used without oil. My experience 
has been gained on the following :— 


I. Darjeeling, 2,300 volts alternating ... 3 miles. 
230 volts alternating ... 13 , 

2, Calcutta, 450 volts continuous i ОЙ ж 

3. Cuttack, 1,300 volts continuous et. 


and other small installations. 


1. In Darjeeling the 2,300-volt circuit is carried on oil 
insulators, and, as I have already said, we have not used oil 
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with them. The posts carry, in addition to the two main 
conductors, an earthed head-wire as a protection from 
lightning. I have no record of any-trouble with the insula- 
tion of this circuit. It varies considerably owing to the 
varying humidity of the air, the effect of which is much 
increased by a network of spider’s webs spread between 
the earthed head-line and the conductors. The following 
tests show this :— 


29th May, 1898, top conductor ... 10,000,000 ohms. 
Ts bottom conductor... Infinity. 

4th Aug., 1898, top conductor ... . 370,000 ohms. 
» bottom conductor ... 3,000,000 __,, 

31st Dec., 1898, top conductor ... 10,000,000 ,, 
» bottom conductor... Infinity. 

31st Dec., 1900, top conductor  ... 2,000,000 ohms. 
y bottom conductor... 3,000,000 ,, 


The head-line was put up between May and August, 
1898. 

The 230-volt circuits call for no special comment ; they 
are carried on small telegraph-pattern insulators which 
answer very well. 

2. There are two special features about our lines in 
Calcutta, namely, the weight of the heavy line of No. o copper 
wire, weighing practically one pound per yard and carried in 
150-feet spans on large telegraph-pattern insulators, and the 
pressure of the lines to earth, namely, 225 volts. We have 
no trouble with the heavy wires. As to the difference of 
potential to earth, I do not think that trees touching the line 
even during heavy rain sustain or cause any damage. 1 
have heard of crows, kites, and flying foxes being cremated, 
through making contact between our outer wires; I have 
never seen it happen, nor have I been shown any charred 
remains. 

3. A 1,300-volt arc circuit at Cuttack gave every satis- 
faction; it was insulated on ordinary telegraph - pattern 
insulators. 

II. Continuously insulated Aérial Lines—The only insula- 
tion that I have used for this class of work is vulcanised 
indiarubber. Тһе high-tension lines are carried on steel 
suspending-wires by means of tags at short intervals. I find 
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that raw-hide tags only last about two years in Calcutta, and 
have accordingly used some made of porcelain, which have. 
given no trouble. 

I have laid upon the table two samples of cable :— 


A—-has been up in Calcutta from June, 1895, to February, 
I9OI, carrying 1,300 volts continuous current. 

B—has been up in Darjeeling from November, 1897, to 
February, 1901, carrying 2,300 volts alternating 
current. 


Both of these cables are made by Henley's Telegraph 
Works Company, they are insulated to Board of Trade 
requirements as to thickness of dielectric and to some 3,000 
megohms per mile. . 

The excellent condition that they are in surprises me 
when I think of the burning sun and pouring rain to which 
they have been exposed. Sample B has also been at times 


` coated with ісе. 


ПІ. The Insulation of Underground | Conductors.—The 
choice of a suitable system of underground conductors for 
India is a fit subject for a separate paper confined entirely 
to the special consideration of that particular question. 

None of us in India can claim to have much experience 
of such mains laid іп 15 country, and even the Telegraph 
Department has tried very few underground cables, except 
those that are under water. I am informed that such cables 
give trouble only at the shore ends, that is in the under- 
ground portion, and most trouble of all where the line 
emerges from the ground and goes overhead. 

There was, however, an underground telegraph line half 
the way from Diamond Harbour to Calcutta. It was a bare 
iron wire laid in an earthenware trough and run in with 
a compound of resin and sand. This line was laid in 1851, 
and subsequently abandoned. The insulation was defective, 
and it also suffered a good deal of damage from subsidence 
of the soil in which it was laid and from the roots of trees 
forcing their. way through it. 

For electric lighting purposes vulcanised indiarubber as 
an insulator has been tried underground. For cables drawn 
into iron pipes it did not prove a success when used a few 
years ago in Calcutta. The circuit I refer to was for arc- 
lighting working at 1,300 volts. The cable used was of 

Vor. 81. 25 
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the best class, but I am inclined to think that high insulation 
cables are not the most satisfactory for this climate. 

High insulation resistance is, I believe, obtained by 
wrapping pure rubber on the cable, this in turn is wrapped 
with vulcanising rubber, and then tape, and the whole is 
vulcanised together ; but the pure rubber does not become 
thoroughly cured, and has therefore not got the lasting 
properties of vulcanised rubber. 

I supplied an indiarubber-covered cable for a somewhat 
similar circuit about six years ago, and it is, so far as 1 
know, doing well. It is in use in the Punjab, and is drawn 
into 3-inch earthenware drain-pipes; the cable is insulated 
to Board of Trade requirements as to thickness of insulation, 
and is very heavily braided. 

In 1888 a pair of cables was laid between two mills— 
the Dunbar Cotton Mills at Shamnagar. The cables were 
insulated with pure rubber lapped and braided ; they were 
laid in ordinary two-groove teak casing, which was run in 
with pitch before the cover was screwed down. I examined 
some portions of the cable in 1896, and found that white 
ants had just begun to attack it. The essential oil of the 
teak had through time dried up, and so the wood had 
ceased to be obnoxious to the white ant. This cable was 
condemned the following year. Its length was 120 yards, 
and it worked at a pressure of тоо volts. 

At the Eden gardens in Calcutta the installation of 
Jablochkoff candles has been in use since 1880, using under- 
ground mains, consisting of cables insulated with pure 
rubber lapped and braided, laid in teak casing run in with 
bitumen. The voltage of the circuits is about 35 alternating. 

It was first proposed in Calcutta that we should use bare © 
conductors strained up in a culvert ; but in consideration of 
the heavy rainfall and the difficulty that would be met with 
in draining such a culvert, this system was abandoned. 

We had to find a system of mains that would not 
deteriorate when exposed to the specially trying conditions 
which obtain in Calcutta. These are :-— 

1st.—The excessive damp. 

2nd.—The heat. 

37d.—The deleterious action of the soil upon all lead 
pipes, &c. 

4th. —The want of skilled labour. 
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We finally selected Callenders solid syste:n, in which the 
cables insulated with vulcanised bitumen are laid upon 
wooden bridges in a trough, the whole run in with pure 
bitumen. 

A question then arose as to what the trough was to be 
made of. We finally selected pinkado, a wood growing in 
. Burma, of which we received most satisfactory accounts ; 
but when we tried to buy the timber we were unable to 
obtain it. Inquiries were made as to earthenware troughing 
made locally, but we could not get what we wanted, and 
ultimately had to use cast-iron troughing. 

The great drawback attending the use of iron troughing 
is that, when a fault develops it rapidly becomes a real short 
circuit, so much so that in some cases several feet of cable 
have entirely disappeared through this cause. 

I have experienced a good deal of trouble from faults 
developing at the bridge-pieces. These are spaced some 
18 inches apart, and it was noticed that in every case 
where these faults developed it was at a bridge-piece which 
came at the junction of two troughs of troughing. This 
was attributed to moisture getting in at the joint between 
the iron troughs. The number of such faults has not 
exceeded twenty, and there are about 10,000 joints, all 
exposed to moisture. 1 am therefore of opinion that the 
cause of the fault must be sought elsewhere, and 1 explain 
it as follows : any change of the level in the main owing 
to settling or subsidence of the ground upon which it is 
laid can only be met by a movement at the joints in the 
troughing. Now if the joint gives, the bitumen must give 
also, and it would, under ordinary circumstances, bend; 
but the bridge-piece extending over about half the sectional 
area of the bitumen weakens it, and I think that it cracks at 
this weak point instead of bending gradually. Our only 
other source of trouble has been where the bitumen was 
poured into the troughs when boiling. The surface rapidly 
cooled and prevented the steam escaping thereby, making 
a spongy casting. 

We have not been at work long enough in Calcutta to 
test this system thoroughly, but we have had the advantage, 
from a testing point of view, of very severe floods. 1 there- 
fore hope that all the weak points have now been brought 
to light. 
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Callenders solid system is also, 1 believe, in use in 
Madras, and gives every satisfaction there. 

In Colombo I believe the mains laid underground are 
on the British Insulated Wire Company’s System, but I have 
no information as to how they have answered their purpose. 

IV. Insulation of House Circuits.—The testing of insula- 
tion resistance in Bengal does not afford us such definite 
information as can be obtained from it in Europe with 
regard to the way in which the installation has been carried 
out. This is chiefly because, owing to the humidity of the 
air, surface leakage on switches, cut-outs, and other fittings, 
is very much increased, and it is under ordinary circum- 
stances impossible to say how much leakage is due to that 
‘cause and how much to defective work. Another difficulty 
is that in dry weather the walls of a Calcutta house are 
in themselves very good insulators, but in damp weather 
they may be described as excellent conductors. 

The only damage that I have found to result from 
surface leakage is where (and this is not a common 
occurrence) the metal parts of switches, etc., have been 
destroyed by electrolysis. I may also mention that in those 
cut-outs which have a combustion chamber, into which the 
fuse-wire is taken though pin-holes in the porcelain, I have 
had many complaints of the fuse-wire being eaten through 
at the point of entry. 1 cannot say whether this corrosion is 
due to electrolysis or to some chemical action from the 
glaze of the porcelain. 7 

Some trouble has been experienced through insufficient 
insulation of switch handles. One cannot be surprised 
at this being found on the ordinary tumbler-switch, but I was 
astonished to hear that a nasty shock could be obtained 
from the ebonite handle of a main switch on a 230-volt 
alternating circuit. 

1 have seen a good many wiring installations lately, and 
I am sure that our work in India is as good as the average 
in Great Britain, and much better than the average in France 
and Switzerland. During the last two years the equivalent 
of some 30,000 8-c.p. lamps has been wired for our supply 
in Calcutta, and the equivalent of more than 30,000 8-c.p. 
lamps for isolated plant has been installed by Calcutta firms. 
This work has been done by natives trained and supervised 
by not more than a dozen European experts. 
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The wiring in the various mills around Calcutta was 
largely carried out with conductors insulated with a little, 
very little, pure rubber, protected by cotton covering and 
tape or braid. I refer particularly to these which were 
wired about ten years ago, but I am sorry.to say that similar 
work has been done more recently. However, even with 
such low-class work little or no trouble has occurred. 

In Calcutta house-wiring some cables have failed owing 
to really bad vulcanised rubber being used, but in other 
cases good wire has not proved satisfactory. 1 know one 
batch of wire which was used for mill-wiring, for house- 
wiring, and for wiring a troop-ship that went to China. In 
the mills and in the trooper all has gone well, but in the 
Calcutta houses faults have occurred. I have brought with 
me to-night a sample of such a faulty wire. 

The deterioration cannot be due to heat alone, as the 
Same insulation has stood well when working in a troop- 
ship in the tropics. It may be due to some deleterious 
action of the teak casing, but in the trooper and in the mills 
teak casing is used. I do not think it is due to damp alone, 
because I have used similar wire in street posts in Dar- 
jeeling, and although no special precautions were taken to 
keep them dry, they have lasted in a most satisfactory 
manner. In Calcutta also where our aérial lines are led 
into the houses, the cable in the'iron tubular bracket are 
exposed to a good deal of moisture. I have also used this 
Class of wire for open work lying along the plaster walls, 
and have had no cause of complaint. 

I feel sure that the failure of these wires is because they 
are exposed to damp and heat and not ventilated. The 
wires are shut up in a casing, and the whole becomes wet 
and rots. I do not think that any insulation will stand 
under these circumstances. 

Having such trouble to face when cased wires are used, 
One naturally turns to other systems. I have used interior 
conduits made of 1-inch compo pipe, and such work has stood 
vell for the last six years ; I have not, however, done enough 
of it to say whether it can be relied оп in all cases. Іп this 
System it is important, I think, to use good large pipes, so 
that the insulation may be well ventilated. 

Ordinary lead-covered wires have been used in many 
parts of India, especially in Colombo. I know that they 
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have given trouble in the North-West and in Calcutta. I 
have not heard whether they are satisfactory in Ceylon. 
I have used them for wiring river steamers and have had no 
trouble, but the cause of trouble is not to be met with on 
board ship, as the damage is done by salts in the soil and in 
the plaster of the house walls. 

Lead water-pipes are not satisfactory in Calcutta soil, 
but compo gas-pipes are freely used in Calcutta houses, 
and I do not think any marked deterioration takes place in 
them. 

V. Dynamos and Motors.—During the past eight years in 
India I have had to do with over a hundred dynamos and 
over a thousand motors. I do not think that any of these 
machines were materially altered in their design to render 
them particularly suitable for working in this part of the 
world. I have used Gramme dynamos built in 1877, and | 
know one that is working to-day, and multipolar dynamos 
built in 1900. I have only met with six faulty armatures 
amongst the dynamos and eight amongst the motors ; one 
faulty field winding amongst the dynamos and 40 amongst 
the motors. 

Of the six faulty armatures, three appeared to be damaged 
by climatic conditions. They were Brush machines sent 
out in 1884, and in 1894 I examined some of the coils 
to find that the cotton insulation had turned brown and 
perished very much, in the way that the leaves of an old 
book go in this climate. The other three faulty arma- 
tures had not broken down from special climatic or local 
causes. 

The heavy list of casualties amongst motors is almost 
entirely confined to ceiling fans. I do not blame our local 
conditions for this; I think the chief reason of these failures 
is that every one cannot make small 225-volt motors; the 
winding of such machines is a delicate operation and can 
only be learnt in time, so when Calcutta ordered 3,000 
motors the makers were unable to find skilled hands to 
make them. Another factor in the case is that the strain 
of 225 volts to earth is very heavy for the insulating material, 
which is of necessity very thin on the fine wires required 
for winding the motors. I may also point out that many, in 
fact nearly all, of these motors have little or no attention 
during the eight months that they are continually in use. 
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One of my own fans ran for three months without being 
turned off at all. 

І have much pleasure in stating that two alternators 
which were buried in broken rock, sand and water, during 
the cyclone of 1899, in Darjeeling, were dug out, washed 
and started up, and are nightly working at 2,300 volts. 

VI. Instruments.—With regard to the insulation of con- 
ductors on instruments I can only quote one case in which 
1 have had trouble, and that is, in a certain class of meter 
which was tried for measuring the supply to some Calcutta 
houses. These were wattmeters, of which the shunt coils 
were wound on porcelain bobbins. Many of these coils failed; 
I think that the surface leakage was sufficient to eat away the 
very fine wire used for these coils, and in that way break 
the circuit through them. 

In conclusion, I submit that the following deductions 
may be arrived at from the foregoing notes :— 


I. The system of insulation for aérial conductors 
used by the Government of India, Telegraph 
Department, is suitable for conductors weighing 
up to at least one pound per yard run, and for 
pressures up to at least 2,300 volts. 

II. Vulcanised indiarubber is a suitable covering for 
aérial lines. 

III. We have still to find out by experience the most 
suitable system of insulating underground con- 
ductors. 

IV. House-wiring where there is any chance of damp 
penetrating to the cables should not be done in 
wood casing ; therefore wood casing should not 
be used in Calcutta. 

V. The climate of India is by no means a bad one— 
for dynamos and motors. 

VI. In fine wire coils surface leakage must be carefully 
guarded against. 


Mr. C. T. WILLIAMS (communicated): With regard to underground M 


conductors in use in the Indian Telegraph Department, these are mostly 
of the lead-sheathed type, the insulation being hemp impregnated with 
asemi-fluid. It has been found that the chief cause of failure is elec- 
trolytic action on.the sheathing when in the vicinity of electric tramways. 
A great deal of trouble was experienced in Madras some two or three 
years ago, and it was possible to trace the current in the lead sheath at 


r. 
Williams. 
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points two miles from the tramway. I believe that the rebonding of 
the tramway rails has improved matters at Madras. The effect on the 
lead sheath was to cause it to disappear altogether for the length of a yard 
in some places, while in others it was perforated with small holes. Of 
course in such cables the smallest hole means a leakage of the insulating 
fluid, and it is found that when this takes place the hemp insulation 
dries and loses its insulating properties. It is possible that such cables 
would do well if buried in bitumen. 

Pyngado (or ironwood) has been mentioned by the author of the 
paper under discussion as a possible material for cable troughs. From 
what I know of the wood, it ought to last well in the Calcutta soil, which 
is always more or less damp. I have dug up in Burmah old telegraph 
masts, and have found that where they had been constantly in wet 
ground—namely, at the base—the wood was in perfect condition. 
There would be no great difficulty in making troughs with this wood, 
and it ought not to be difficult to procure from either of the ports on the 
Arakan coast. All the telegraph posts on the west coast of Burmah 
(Arakan) are of pyngado. 

As regards interior wiring, the evidence is apparently strong against 
wooden casing, and this comes to me, at any rate, as news. In the 
Telegraph Department it has been the custom for years to run 
“ Hoopers Core,” which is used for office connections, and which has 
a high insulation to maintain, in grooved boards, or casing, without 
covers, however. The grooves are made so that the wires will fit tightly, 
and when the work is carefully done and all corners are rounded off, 
the effect is not inartistic. So far as I know the under side of the wire 
remains in as good condition as the side exposed to the air, although it 
is pretty certain that the tightness of the fit keeps air away from it. An 
occasional wooden cleat precludes the possibility of the wires leaving 
the grooves should they by any chance become loose. Wiring done in 
this way remains good for many years. Something in the way of casing 
appears to be necessary, if only on the score of neatness, unless the 
“concentric ” system of wiring is adopted. This has, I believe, been 
found satisfactory in the lighting wiring at the Madras Tramways central 
station. In wiring for motor fans, and sometimes for lamps, in Calcutta, 
I have noticed that where casing is not used the conductors are run 
along the walls and bound to small insulators at every few yards. There 
is no doubt that if this kind of work is well done it may be quite efficient. 
It is cheap, and lends itself to constant inspection. Unfortunately it is 
not always carefully done, and when one sees wires tied to insulators 
with string, and the space between one insulator and the next so great 
that the wires nearly touch each other, one cannot help thinking that it 
has a makeshift appearance. If the wires were supported on insulators 
at every yard at least, and were properly tightened, the effect need not 
be an eyesore, especially if, in addition, the colour of the wire covering 
matched the wall. I see no reason why, within certain limits, this could 
not be done. The difficulty is no doubt the want of skilled labour, and 
it can hardly be expected that the necessary supervisian can be always 
given when a number of works are in progress, but something certainly 
requires to be done to improve the existing wiring in many cases. 
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The author has not touched on the point of connecting one floor 
with another. The most efficient way appears to be to use metallic 
piping and to continue this for at least eighteen inches up the wall, after 
passing through from the floor below. This precludes any chance of 
water used for washing down the floor being splashed over into the 
tube. If the conductors fit easily, this would not be a serious matter, 
as any water would run right through, but this is not always the case, 
and in India it is well to “make assurance doubly sure." 

As to the rotting of the insulation on dynamo and motor coils, the 
same thing is noticed in very old telegraph instrument coils when 
unwound after long service in India. e 

Mr. Scott-Moncrieffs paper is a valuable one, and it is to be hoped 
that the facts brought to light will lead to some really efficient system 
of wiring being adopted which will withstand the very trying conditions 
of the Indian climate. 


Mr. J. WILLIAMSON : I should like to know if the reason for using M 


oil insulators without oil was that oil is not considered necessary, or on 
account of the difficulty in obtaining a suitable oil. I had a line of 
about three miles length in Africa in a latitude rather higher than that 
of Calcutta, and found that the ordinary resin oil solidified during the 
first hot weather. I had the insulators cleaned, and they proved quite 
Satisfactory for 1,400 volts. 

The author states that he has had no trouble with the heavy 
conductors carried overhead. Has any trouble been experienced with 
the lighter wires during heavy gales? 

With regard to the selection of a system of underground conductors 
for electric light and power purposes, I think perhaps the most suitable 
insulation would be oil, the conductors being covered with a fibrous 
braiding or lapping and contained in iron or earthenware tubes, such 
as the Brooke's system. I do not know if any of these mains have been 
laid in India, but certainly the objections which apply to most other 
systems would be absent. The chief objection would be the compara- 
tively high initial cost. 

Nothing has been said in the paper about the protection of insulation 
against damage by lightning, and it would be interesting to a compara- 
tively new-comer like myself to hear what precautions have been found 
necessary and ample to guard against this serious danger. For the forty 
miles of trolley wire which are to be erected for the tramways here, we 
are providing thirty-one lightning arresters and choke coils in the switch 
boxes between the trolley wire and cables. Arresters and choke coils 
Will also be provided at the power-house and on each motor car for the 
protection of the insulation of the generators, and the motors, wiring 
and lighting circuits, respectively. 

With regard to the deterioration of the insulation of the Brush 
armatures, if the cores were of the old cast-iron type, as is probable 
with machines built before 1884, the heating due to currents in the core 
would cause this. I have found the same effect in England. 

I believe that the disappearance of lead sheathing of conductors 
mentioned“in Mr. Williams’ contribution has also been noticed in 
Calcutta, where at present there is no electric traction, and is due to 
the presence of some salts in the soil. 


Mr. 
Williams. 


r. 
Williamson 
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Мг. А. Н. Simpson: In one or two instances in which wire of a 
2,000 megohm grade has been installed in dwelling houses, and has 
been laid in ordinary two-groove teakwood casing, the wires have fired 
for a length of about a foot, and this without any apparent reason, and 
after being installed only about three months. The wire when installed 
was new stock and in first rate condition, the casing was apparently 
dry, and no nails or screws had been fixed at the particular spots. 
This may be due, as Mr. Scott-Moncrieff remarks, to the action of some- 
thing in the teak casing used. I may as well remark that these wires 
were not carrying current at a greater capacity than about 200 amperes 

„to the square inch. 

There is no doubt in my mind that an installation in which the wires 
are laid side by side on porcelain cleats will give much better results as 
regards life and test than one in which they are laid in ordinary teak- 
wood casing such as is commonly used in India, and I also am of the 
opinion that the humidity of the atmosphere would cause the braiding 
to rot very quickly, and that the rubber would perish, when enclosed 
in casing. 

There is also to be considered whether any foreign substance intro- 
duced into the rubber contributes to the rapid perishing of the latter, 
and also if such additions account for the vulcanised rubber in some 
batches of wire turning into a white paste of the consistency of very 
thick cream, the braiding not having deteriorated in any way, or 
whether the effect is due merely to bad vulcanising. 

With regard to wiring on porcelain cleats, this system should be 
carried out in a thorough manner, not merely using cleats and then 
passing the wires through the walls in “compo.” pipes and finishing off 
the wires at the switches and ceiling roses in teakwood patrasses, as is 
usually the case, but the porcelain switch, ceiling rose, and distributing 
board bases should also be so made that the wires may be drawn into 
holes in the sides, so that the ends of the wires may be insulated from 
the walls. The only objection, I think, that can be made to this 
system is that it does not lend itself to a decorative effect as well as 
wood casing does when used in dwelling houses. 

Most of the corrosion which I have noticed in switches is due to 
moisture charged with salts from the walls having collected in the 
casings and gravitated down the switch casings, and having no other 
outlet when the casings are painted, has passed along the wires through 
the holes in the porcelain bases and on to the terminals of the switches ; 
this, therefore, raises another objection to the employment of wood 
casings. With regard to “compo.” pipe, although this has proved 
satisfactory generally, I have had taken out of walls pieces which 
have been full of small holes, evidently caused by the chemicals 

- contained in the walls. | 

One reason for the breakdown of so many ceiling fans is the 
fact that the motors are made as small as possible for the sake of 
appearance, so that only a minimum amount of insulation can be 
used, and also the fact that, these fans being made out of India, 
sufficient regard is not paid in the insulation to allowing for the dissipa- 
tion of the heat generated during the long hours they have to run, 
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There is little or no leak to earth on the fans provided that they are 
properly suspended by the porcelain insulator fixed on the rod of most 
of them. 

Mr. W. Тном: I. Insulation of Aérial Lines (а). — Мг. Scott- 
Moncrieff mentions that in one case he used an oil insulator without 
ой. I should say that the insulation would in this case become very 
low by the time that a collection of dust has filled the oil recess. If 
the author had given us some idea of the length of the line under 
reference we should have been able to judge of the quality of the 
insulator ; as it is, we are simply given the test of a line, which may 
have been a mile or even six in length. 

(b) Although trees may or may not cause damage, it would appear 
to me to be a very unsatisfactory condition of things to have them 
touching, say a 2,300-volt circuit, the wires (if originally insulated) 
having become bare through continual rubbing. Taking into account 
all sorts of risks, it is not impossible that such a line might be the cause 
of hurt, or even of death, on a leaky supply, particularly if an earthed 
return is in the near vicinity, and the Company might then be liable to 
a considerable amount. The expression made use of by the author 
regarding the difference of potential to earth has, perhaps, reference 
only to damage to machinery, although, however, he mentions that the 
trees may be damaged. 

II. Continuously Insulated Aérial Wire.—Does the author imply that 
vulcanised india-rubber without any other is suitable covering for aérial 
wires? It has been found in some cases, when thus used, to perish, 
crack, and lose much of its insulating power. 

III. The Insulation of Underground Cables.—Reference is made to 
the vulcanising of rubber-insulated cables. I do not know that any 
maker intends that the pure rubber coating should be cured entirely 
to the core, because of the effect vulcanised rubber has on the copper 
even after being tinned. Callenders' solid system is not in use in 
Madras, but their lead-covered and steel-armoured system is and 
has given satisfaction. I think we may take it that the longest lived 
cable in England will prove under certain conditions to be the best 
for India. - 

IV. Insulation of House Circuits.—I should say that a standard could 
be arrived at with regard to house circuits. It would appear that 
a lower insulation resistance is to be tolerated in India than in England, 
although the author proves that a higher one is necessary to give good 
results for any length of time. No doubt India is a place for the 
concentric system of wiring. 

V. Instruments.—Perhaps if ebonite were used instead of the 
porcelain bobbins, like failures might be prevented. 

Mr. P. BRUHL : I cannot agree with Mr. Scott-Moncrieff in his con- 
demnation of wooden casing, except when fixed on very damp walls or 
ceilings. The wooden casing should, however, always receive at least 
two coats of varnish inside and out.. I have had good results with 
casing impregnated with a hot solution of paraffin in boiled linseed oil 
and then varnished. I have also used casing well painted with silicate 
paint. It is often a good plan to screw the casing to a plug projecting 
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or łinch. In houses as they are built on the plains of India there is 
little risk of fire arising from the use of wooden casing. The mains at 
Sibpur Engineering College are lead-sheathed cables laid into the bare 
ground about five years ago ; they have not apparently suffered, but the 
soil is light and sandy and not rich in humic acids. Generally speaking, 
however, I cannot recommend this procedure. 

Mr. O. BURNE : We have had in the Telegraph Department some 
considerable experience, for over thirty years, of gutta-percha and 
india-rubber cables under water in the big rivers and underground, in 
their shore ends, which are often more than a mile in length on each 
side. Our experience has been that both will last in good condition 
almost indefinitely under water or damp ground; but that in dry 
ground, or ground which is alternately wet and dry, the insulation will 
fall from many thousands of megohms to a fraction of a megohm per 
mile in from six months to two years. For the last seven years we 
have used lead-sheathed gutta-percha for the shore ends of our gutta- 
percha and india-rubber cables with excellent results. Both materials 
protected from oxidization by lead-sheathing seem to last as well as 
they do under water, even where they are quite dry and very hot, as 
they are at the ends in our little iron cable-houses, in which the tem- 
perature often rises to 130° F. The life of lead sheathing seems to 
depend very much upon the soil it is buried in. In Bow Bazaar, a few 
years ago, we dug up some lead-sheathed india-rubber cable which 
had been buried in or before the Mutiny. Both lead and india-rubber 
were quite perfect. Against this may be set a case where some lead- 
sheathed Fowler-Waring cables, buried some thirty miles from Calcutta 
down the river, in a rotten vegetable earth, were eaten through in less 
than six months. In these the lead was unprotected, except for a layer 
of tape. Quite close to them was a lead-sheathed india-rubber cable 
with three servings of hemp and iron-wire armour, which had been 
down ten years, and yet the lead was quite perfect. In the same soil 
and place we have now had some lead-sheathed india-rubber cables 
with a thick serving of tanned hemp, which have now lasted, I think, 
three years at least, without any signs of the lead being attacked. 

Mr. M. G. Simpson : It is difficult to imagine a more apt subject than 
the one chosen by our Vice-Chairman for the first paper of our Local 
Section, as it is undoubtedly the most important point in which our con- 
ditions differ from those prevailing in Europe and America. First I 
wish to give a word of warning on the subject of insulation of aérial 
lines, and that is that we have found sulphur-cemented insulators do 
not answer in India. We have found many cracked vertically through. 
It is probable that, from the excessive heat, the steel stalks expand, and 
the cement is too rigid to give at all, with the result that the porcelain 
cracks The crack would be almost invisible, certainly so from the 
ground, but when the wire was unbound the insulator would tumble to 
pieces. We now use Portland cement for fastening the stalks, and 
this has been found to answer well. Screwed stalks also answer well, 
and are in many ways convenient to us, as when a cup breaks we can 
easily fix another at any point on the line. 

There are certain sections of line where we have found our 
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ordinary insulators, good as they are, not good enough, and on these 
we use oil insulators with oil which have been found a decided 
advantage. I may, perhaps, mention that the worst conditions we 
meet with are in those districts near the sea where a strong wind covers 
the insulators with salt-laden sand, which becomes saturated with 
moisture when a fog supervenes at night. As soon as the rains come 
and wash the insulators, matters at once improve. Inside our offices 
we have not taken any very special precautions to maintain good 
insulation, nor was this a matter of very great importance so long as 
we used primary batteries incapable of giving even one ampere, but 
with the introduction of accumulators we shall be obliged to maintain 
a high insulation, and shall welcome the experience that members of 
this section will be able to give us. 

Mention has been made of flying foxes. I have measured the 
resistance of these when dead. They vary greatly, of course, but show 
in the nature of two to three thousand ohms from claws to teeth, and 
would therefore be difficult to cremate. However, they are apparently 
easily electrocuted when they get across from one wire to another. 
They are very difficult to localise, as they charge up like badly con- 
structed accumulators; and it is impossible to say whether one's 
observations are controlled by the testing battery as one hopes, or by 
the flying fox as one fears. The flying fox is not a very big animal, so 
that if wires, in localities where they give trouble, are placed 18 inches 
apart, there is little risk of their doing much damage. 

In the laboratory in a climate such as we enjoy in Calcutta, surface 
leakage at times leads to surprising results, and has to be very carefully 
guarded against. 

Mr. J. W. MEARES: With regard to the high tension aérial lines at 

Darjeeling I have one or two remarks to offer. The author mentions 
the effect of the network of spider's webs in reducing tbe insulation 
resistance, but I do not think this effect is so great as he supposes. On 
many occasions when the line was covered with webs all through the 
jungle near the power-house, and the webs appeared saturated with 
dew, the charging of the line had no effect whatever in the way of 
dispersing this dew. Evidently, therefore, as a practical factor it is 
negligible, presumably because the webs are high insulators and the 
deposited dew is in the form of beads entirely isolated from one 
another. Again, as regards the method of insulating, this is done on 
the telegraph plan across the greater part of the distance and by means 
of insulated wire in the station, but where the two parts join there is 
some work of a chequered nature, insulated wire over road crossings 
and bare wire between them. In such a case I think it would be worth 
while to try carrying the bare wire over the crossings on porcelain 
suspenders carried by a stranded steel bearer wire, which would render 
falling next to impossible unless pole and all fell. I am aware that this 
does not fulfil the regulations to the letter, but the method actually 
adopted does not fulfil the real intention of the rule, and is a more or 
less absurd form of construction. 

As regards electrocution:on bare wire circuits, I have seen several 
instances of this on birds in Darjeeling and one on a flying fox in 
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Мг. Meares. Calcutta. I do not know if the crows that recently built a nest of iron 
turnings on the “outers” in Calcutta shared the Same fate ! 

As to underground mains, there is one advantage in iron troughing 
that was not mentioned, namely, the protection afforded by it to other 
neighbouring metallic pipes, etc. As to internal wiring, I agree with 
the author that the average work in India is as good as that in England, 
but a good deal of the work is much worse than anything I saw in 
1894-95, when inspecting houses for connection to the Hove Electric 
Lighting Company's mains, chiefly owing to scanty and untrained 
supervision. I may say also that within the last month I was surprised 
to come across some unvulcanised sub-mains in use in a mill near 
Calcutta in an otherwise fairly satisfactory installation. Corrosion of 
switch and fuse terminals I frequently see, and I am afraid an alteration 
of the climate is the only cure. As to the general question of house 
wiring, it is to my mind quite an open question whether unencased 
wires will not eventually prove the best and most lasting, though with 
their use а'уегу careful system of distribution and sub-division is neces- 
sary, as well as absence of joints. When Government House, Calcutta, 
was wired, I specified that joints were to be vulcanised, but there are 
of course grave difficulties in carrying this out in house wiring, and it 
adds greatly to the expense. As an alternative I suggested the use of 
ordinary bow cut-outs as “connectors,” using one terminal only, and. of 
course no fuse, and I have found the result most satisfactory so far. In 
another installation under my charge, joints have been made inside a 
bow cut-out (from which both terminals have been removed), and the 
joint remains uninsulated, except by air, inside the cover, but not 
touching. So far this also has proved satisfactory, but it does not offer 
the same facilities as the former method for dividing up circuits to find 
a fault. For passing through walls I am strongly in favour of the 

Doulton pipes now obtainable in Calcutta. 

ма Mr. 5сотт-МОХСЕТЕРЕ (in reply): With regard to oil insulators 
I may say that the oil was never used, so I do not know how it stands the 
Indian climate. I have been told by friends in the telegraph department 
that the oil chamber gets filled with insects. If Mr. Thom refers again 
to the paper he will see that the line is three miles in length. It is 
carried for the most part across tea-gardens, and there is practically 
no dust to get into the insulators. 

I believe that the telegraph department requires a higher insulation 
per insulator than is wanted for electricity supply work. In the latter 
case we have only to guard against damage to the conductors at the 
points where leakage takes place, but in the former case we have to 
conduct small currents from one end of India to the other, and special 
care is required to prevent their being lost en route. 

Mr. Williamson raises the question of lightning. My experience is 
as follows :--In Calcutta we have cow-horn arresters every quarter of a 
mile and, in addition, at every house service. During thunderstorms 
we get occasionally a flash at the brushes of the dynamos in use. We 
have had no damage done that can be traced to lightning. 

I may point out that our lines in Calcutta are practically level, and 
that when travelling in Switzerland I found that experience there goes 
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to show that damage by lightning generally occurs where there is 
change in the level of the line. This is borne out by our experience in 
Darjeeling, where the high-tension line rises 3,500 feet, whereas the low- 
tension circuits have a maximum variation of about 400 feet. On the 
three miles of high-tension line we have during a thunderstorm re- 
peated discharges, while on the thirteen miles of low-tension we-have 
no record of any such disturbance. 

The high-tension line was first protected by Wurtz arresters every 
quarter of а mile. We then added groups of “cow-horn” arresters at 
each end of the line; each group consists of 50 pairs, and we find that 
they act freely and prevent the charge from reaching the alternators, 
but do not entirely safeguard the transformers ; we have therefore added 
small choke coils, and so far no further damage has occurred. The 
total damage done amounts to three transformers being burnt out. 

I quite agree with Mr. Thom that 2,300-volt lines ought not to touch 
trees; I have no experience of their having done so. I think he mis- 
understands what I have said about house circuits. The dangerous 
leakage is that from the cables апа wires, and in damp weather it is 


dificult to dissociate this from surface leakage, which is as a rule 
harmless, | 
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DUBLIN LOCAL SECTION. 


NOTE ON A HUMMING TELEPHONE. 
By F. GILL, Member. 
(Paper read at Mceling of Section, April 18, 1901.) 


My excuse, if one be needed, for bringing this matter -before you 
must be that our late revered Chairman, Professor FitzGerald, was 
interested in the matter when it was brought under his notice, and 
further that,so far as I have been able to ascertain, the behaviour 
of the humming telephone, as I hope to show it, is new and has not 
been published hitherto. This note is merely a record of a few 
experiments carried out at odd times since the effect was first noticed 
by me two years ago. 

The ordinary humming telephone is, of course, well known, and was 
first noticed by A. S. Hibbard, of the United States, in 1890. We have 
Hall effect and Ferranti effect, why not Hibbard effect ? 

In Hibbard's experiment a telephone is held against or near to the 
diaphragm of the microphone, and a hum or whistle is set up and 
continues. 

A rough explanation of the experiment is that in the first place some 
slight noise is taken up by the microphone, and the sound is, in the 
usual way, given out by the telephone ; but, because the latter is near 
the microphone, the sound waves set up by the telephone affect the 
microphone, which in turn again acts upon the telephone, and thus the 
reaction is maintained. 

The connections in this case are those ordinarily used in telephony, 
where the microphone is in scries with the battery and with the primary 
of the induction coil ; the telephone in series with the secondary of the 
induction coil is short-circuited. 

The feature which I believe to be new is that, if the wires leading 
to the telephone be reversed while the instrument is humming the note 
at once changes in a striking degree, and if the hum is stopped it will. 
recommence again, high or low, according to the side the reversing 
switch is set. It is also to be noted that the high note starts more 
easily and is altogether more vigorous than the low note. Of course, 
reversing the current in the primary circuit also produces the same 
change in pitch, and if the primary and secondary circuits be' cach 
reversed simultaneously no change is observed. 

Returning to the ordinary humming, the exact conditions which 
determine the note given by the telephone appear to be most complex, 
apparently every portion of the circuit and instruments has a share in 
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determining what the note shall be ; but the note can most easily be 
varied in one of the following ways :— 

By altering the conditions of the circuit by adding resistance, 
capacity, or self-induction. Speaking generally, if a non-inductive 
resistance be introduced into the secondary circuit the pitch of the note 
goes up, and at the same time the sound becomes weaker by attenuation. 


Time of note observed. 
Seconds x 1077 


In this experiment, if made with double-wound resistance coils, I thiuk 

there is a good deal of condenser effect across the winding of the coils. 
Adding capacity across the telephone lowers the note. It is quite 

easy to compare roughly different capacities in this manner; for 

instance, in trying this, three condensers of ‘96, r'r, and r3 micro- 

farads respectively were at once picked out in their proper order, the 

condenser with the lowest capacity giving the highest note.. The 
Vor. 81. 


890 GILL: NOTE ON A HUMMING TELEPHONE (Dublin, 


curve shown in Fig. 1 gives the result of adding capacity. The time of 
the note observed is plotted with the period of the whole circuit neg- 
lecting the primary circuit, and is also separately plotted with the 
period of the telephone and condenser only. The curve is given as 
a result obtained in a few trials. The figures are shown in the table :— 


EFFECT OF CAPACITY ADDED ACROSS TELEPHONE. 


Resistance whole circuit ... alee $e © 52% sss ied .. 1452 
" telephone Қ as ee see - bu Mus ... 120w 
L whole circuit ... 5 sss ай — aa sys ios 166 
РА telephone ке am FA = at ТА T m 13 
Time of Whole Cir- | Time of Telephone and 
Capacity. Time of Note observed. cuit. Condenser. 
:2 míd 48 x 1074 11:25 X IO^ 10°07 X 10^ 
23. 49 n 12°08 ” 10°86 n 
"29 yy 5'04 » 13755 ” 12721 ” 
37 » 5°15 » I5'3 » 13°79 » 
56 , 568  , 1982 , 16:97  , 
733 » 117 n 2909  , 2613  , 
241 , 16'1 » 3927 ә» 3741 » 
374 n» 16:2 » 4971 T 439 ” 


Adding self-induction to the circuit lowers the pitch of the note. 

Conversely, adding resistance in parallel (leakage) lowers the note, 
and self-induction in leak or capacity in series raises the pitch. 

The following is an interesting case. The secondary circuit is open 
as in Fig. 2 (a), and is connected to a coil without iron and having two 


E 


5 


FIG. 2. 


~. wires wound thereon side by side, each having about 1,400 turns. Тһе 


"apacity between the two wires is "об mfd., and the self-induction of 


1901.) GILL : NOTE ON A HUMMING TELEPHONE. 391 


each coil is about 'r. If the connections are made to the two wires 
entering at, say, the left-hand end, the note is higher than if connected 
to opposite ends as in (5); in one case the difference was from 2,280 to 
2,120 vibrations per second. This is due to an alteration in the induc- 
tion, which is less when the wires enter at the same end as in (a), than 
when they enter at opposite ends as in (b), and consequently the note 
given in (5) is lower. 

The note may also be varied by altering the current in the micro- 
phone. Increase of current causes the note to become very slightly 
lower in pitch. 

The strength of the field may be varied and alter the note. In this 
experiment the arrangement is as in Fig. 3. 

As usual the primary and secondary circuits are used, but a 
condenser is in series with the telephone. Across the telephone 
itself is a shunt circuit of a battery and a self-induction. This allows 
the strength of the magnetic field of the telephone to be varied while in 
use. The self-induction in the shunt circuit prevents too much of the 
humming current being shunted out of the telephone. If the current 
from the battery marked 
A is applied so as to 
strengthen the magnets Т“ 
of the telephone, the note A 
goes up in pitch and be- ШІ 
comes louder, while if 
the current is sent in the 
reverse direction, almost 
at once the hum is 
Stopped. In the tele- 
phone tried (an Ader), FiG. 3. 
the current, strengthen- 
ing the field, was varied from 8 to 112 milliamperes and showed a rising 
note ; when, however, 17 milliamperes were sent through the telephone 
in the direction to weaken the magnets, the hum ceased. If a current 
be used to strengthen the field the humming may generally be the more 
readily set up. 

Variation of the distance between the two diaphragms gives an 
alteration in the note. On the high note side, increased distance gives 
a higher pitch. On the low note side, as the distance between the two 
diaphragms is increased the pitch rises until a sudden change occurs 
in the character of the note. If a tube be used to confine theair waves 
the difference in the note at different distances is striking. 

Pressure inwards on.the telephone diaphragm causes the pitch of the 
note to rise. 

The following are briefly mentioned as points which have been 
observed. In some cases the hum will not commence until the current 
in the microphone has fallen to a certain value. The current in the 
microphone in a number of cases was about '18 amperes, being about 
28 per cent.less when humming (low note) than when at rest (25 
ampere), and до per cent. less (115 ampere) when giving the high nete 
with no external circuit. 
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. I am indebted to Mr. W. W. Cook for the following interesting 
case. In a common battery circuit as shown, Fig. 4, and using a hand 
microtelephone, it is possible to set up the hum, although in this case 
the diaphragms are not opposite to each other, and are distant 8} 


Fic. 4. 


inches. The vibrations are undoubtedly conveyed through the handle. 
He states he has easily heard this effect through 330 fect in the open 
air, and I can easily believe it. 

Mr. Duddell has been good enough at very short notice to put the 
current in the telephone through one of his portable oscillographs, and 
he gives the following approximate results—current root of mean 
squares I5 milliamperes at the low frequency. I understand the 
primary current was at 16 volts ; this of course was high, and probably 
he used so high a pressure to enable him to get an easily observable 
curve immediately ; the shape of the curve was as in Fig. 5; and on 

reversing the telephone connections the 
frequency about doubled. 

The pitch of the note appears to be 
determined by the length of the column of 
air between the two diaphragms, and the 

FIG. 5. conditions of the circuit. As the periodic 

time of the circuit is increased the time of 

the note rises. To some extent the pitch is governed by the rate of the 

diaphragms, but I do not think this is so important a factor as the 

others. The main factors appear to be the angle of lag, and the length 

of the column of air between the diaphragms. Although the vibration 

is a forced one, it would almost seem that its rate is largely dependent 
on the free period of the circuit. | 

With regard to the alteration in the note when the telephone con- 
nections are reversed, Mr. Tatlow has suggested that this may be due 
to the fact that according to the direction of the current in the tele- 
phone its diaphragm wiil be moved in the same direction as, or in an 
opposing direction to, the diaphragm of the transmitter, and that while 
the former would tend to prolong the movement and so produce a lower 
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pitch, the latter would tend to force the rate. Although this scems 
probable, yet I have been unable to satisfy myself as to exactly what 
happens. It would appear also necessary to take into account that 
when the telephone diaphragm moves away from the magnet during 
increase in current, the self-induction of the telephone circuit is falling, 
due to the movement of the diaphragm, and there exists what may be 
compared to a negative resistance. 

The humming telephone seems to be very similar to the humming 


120 per second, 
Lag 56 50”. 
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arc so ably dealt with by Mr. Duddell and shown at this meeting 
by Dr. Trouton, and its study by those who are provided with the 
necessary means of investigation would repay the labour. 

With diffidence I venture to give what appears to happen :— 

When the microphone diaphragm moves inwards, the current in- 
creases, but owing to lag the increase in current does not coincide with 
the movement of the diaphragm. The telephone diaphragm apparently 
more or less accurately follows the current and sends out its air waves ; 
these waves, however, take an appreciable time to reach the micro- 
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phone, and there is consequently an air lag as well as an electrical lag. 
So far as I can at present see the high note is given when the 
diaphragm of the telephone moves (at the appropriate lag) in the same 
direction as that of the microphone,—thus microphone( ( telephone, 
—and the low note is given when the motion of thediaphragmsis( ). 
The diagram (Fig. 6) is an attempt to illustrate this. The figures taken 
are N—2,120 periods per second. L-'166, R=145. The curves аге 
drawn with a phase difference of 86° and, with a distance of 1 inch 
between the diaphragms the air lag is 56° 30'. The diagonal lines 
show the air lag. The figures with the telephone reversed are, N=1,635 
L='166, R=145, phase difference =84°, air lag =37°. 

It would be desirable if one of the Masters would tell us what really 
is the maximum frequency which should be allowed for in telephone 
work. Dr. Pupin' says 750 periods per second is the highest that need be 
considered. Max Wien? states that the most characteristic notes of 
the voice lie between 500 and 3,000 per second, and Dr. Perry 3 * as an 
exercise" takes 1,000 as the figure ; one does not associate with Dr. 
Perry the taking of a figure, even “as an exercise," unless he has 
sufficient ground for so doing. 

Besides those mentioned above, I would specially wish to tender 
my thanks to Dr. Trouton, Mr. Sinclair, Mr. C. J. Phillips, and Mr. 
France. I also desire to thank Mr. J. M. Shackleton for the very great 
assistance he has given. 


APPENDIX. 


The following measurements may be of interest :— 


Deckert Microphone 


Number of turns jas ... 1,120 

| Resistance = i we 145% 
Self-induction ай 10 milli- 

Ader Telephone ... amperes | es I3 

Diameter of diaphragm .. 212 inches. 
Thickness do. tinned 8 mils. 
Resistance at rest és 10» 

| Do. high note, with cir- 

| 


cuit of induction coil and 
Ader telephone 7 23°50 
(Both of ч figures taken from ampere- cele: readings.) 


Primary Turns... s .. 380 
Primary Resistance ... о 
қ Р Secondary do. 54 25% 
Induction Coil Secondary self-induction at 22 
milliamperes... РУ e. 7032 
Secondary Turns T .. 1,300 


1 Transactions of the American. Institute of Electrical Engincers, 1900, vol. 
xvii., p. 255. 

2 Ann. der Physik, No. 3, 1901. 

3 Phil. Mag., August, 1895, p. 224. 
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High note ies "T .. 2,120 vibrations per 

second, judged by 
Frequency of note in the ear only. 
three observations. Low note 1,635 do. 


Primary volts 4. High note side but with 24 
microfarads across  tele- 


phone giving low note ... 620 do. 
High note Paco iaaa .. I X Io3 mm. 
Amplitude of Vibra- | Low note de 0'B-.u Lu 


tion of diaphragm J High note side but with 24 

of Bell telephone.|  microfarads across  tele- 

Primary volts 4. phone giving low note ... 126, , 
Do. Another trial... 165,  , 


Frólich * gives the amplitude for a Siemens loud-speaking telephone 
as 35 X 103 mm. and V. Wietlisbach? gives the amplitude of a 
Siemens telephone (apparently not loud-speaking) for **aloud tone" 
as 52 X 10 mm. with a current of 12 X 104 amperes, 


Mr. A. E. Porte said that if Mr. Gill gave some information regarding Mr. Porte. 
the types of instruments he had been using, the members might be 
better able to experiment themselves. He had given an explanation 
regarding the difference in note ; possibly the difference in tone might 
be due, to a great extent, to different tones in the diaphragm of the 
receiver, the fundamental octave, and so on. 

Dr. F. T. TROUTON said he would like to ask if the saturation of the Dr. Trouton. 
iron had anything to do with the pitch of the note in the experiment 
shown in Fig. 4, when the field was varied. If the iron is very highly 
magnetised it is incapable of taking up more energy, in fact it becomes 
almost a non-magnetic substance in that respect, and the self-induction 
of the circuit diminishes so that the period would go up. 

Mr. M. RUDDLE considered that the tension of the diaphragm was an Mr. Ruddie. 
important factor. In Fig. 4 of Mr. Gill's paper he thought the note 
varied simply with the strength of the field ; this strengthening, of 
Course, increased the initial tension on the diaphragm, and in the same 
manner when the field was weakened, a lower note was obtained. 
Some years ago he carried out some experiments and found that great 
differences resulted from varying the tension on the receiver diaphragm. 

Mr. J. E. TAYLOR (communicated) : The reactive effects occurring Mr. Taylor. 
between microphones and telephone receivers of various kinds form a 
most interesting subject for investigation ; nor is it merely from the 
Purely physical point of view that such investigation will repay onc. 
There are, it would seem, sundry possibilities of practical application 
inherent in the phenomenon. The subject seems almost an old one; 
it having presented itself so frequently in laboratory and other work 
involving the use of telephones (very often in an awkward or 
intrusive way) ; so much so, that one feels surprised that the discovery 
of the effect is dated by Mr. Gill as being so recent as 1801. 

That the conditions of adjustment of capacity and self-induction of 
the circuits concerned, as well as any natural rate of vibration which 


: Electrical Engineering (Chicago), January, 1897, р. 26. 
з Ibid., p. 30. 


896 GILL: NOTE ON A HUMMING TELEPHONE. (Dublin, 


the diaphragms may have, are factors in determining the note emitted 
becomes evident at once if a microphone and receiver, with a ferrotype 
diaphragm common to both, be joined up, as shown in Fig. A. 

In this case any alteration of capacity or inductance produces a 
corresponding alteration in the pitch of the note, increase of either 
lowering the pitch and vice versá. The writer does not recollect the 
increase in pitch, referred to by Mr. Gill, on reversing the battery, but 
this should not take place if the direction of the current through the 
receiver is such as to oppose the permanent magnctisation, and if the 
pulsations of current carry the magnetic flux at the poles through the 
zero point. One direction gives a strong effect, and the other a very 
weak one. The reason for this will, it is suggested, be evident in con- 

sidering the instrument next de- 
scribed. The writer has always 
found that the phenomenon is 
much more noticeable and effec- 

tive when a transformer is used 
between the microphone circuit 

and the receiver than when both 

қ 21е in a common circuit. Having 
occasion to design a constant fre- 
quency transmitter of as simple 

L and reliable a character as pos- 
sible, as a means of actuating ihe 
magnifying telephone instrument 
introduced by Principal Oliver 
Lodge in connection with: an 
application of the latter instru- 
ment to the Post Office System 

Fic. A. of Wireless Telegraphy, and 
knowing the possibilities of micro- 


F = Ferrotype Diaphragm. | ` 5 

К = Adjusta jo Condenser phones as transmitters in this con- 
NS то eo nem nection through the experiments 
R = Reversing Switch. on telephonic communication be- 
T = Transformer and Induction Coil. 


tween the Skerries and Anglesey, 

and elsewhere, which the writer 
has carried out, it naturally occurred to him that if the proper 
frequency of vibration were conveyed powerfully and continuously to 
a microphone the undulations of current thus set up would be sufficient 
to set the syntonic magnifier into operation. Among various forms of 
constant frequency transmitters the instrument shown in Fig. B was con- 
structed. Actually the nstrument was furnished with four microphones, 
all mounted similarly and symmetrically placed on the same diaphragm, 
the intention being to use three in multiple for transmitting, if it were 
found beneficial However, it turned out that no advantage was 
gained by joining up more. than one, owing, probably, to small 
differences of phase in the current undulations given out by each, 
which again was perhaps due to the impossibility of keeping the 
pressures on the diaphragms of all the microphones absolutely the 
same. The operation of the instrument depends, of course, on a lateral 
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vibration imparted to the wooden diaphragm through the stem of the 
tuning-fork, which again is communicated through small sound posts 
to the individual microphone diaphragms. The transformer used was 
about eight inches long, with a transforming ratio of about one to ten, 
and had an iron wire core. The magnetised tuning-fork and embraced 
coil form a “ mono-telephone,” or, as Principal Lodge calls it, a “ tone- 
telephone" receiver. In operation the instrument proved to be 


Fic. B. 


A = Microphone, driving tuning-fork. 

B = Microphone, producing undulations of current used in transmitting. 

C = Coil driving magnetised tuning-fork. 

D = Wooden Diaphragm on which fork and microphone are mounted. 
= Earth connections in sea. 


Perfectly free in its action, and self starting immediately on closing the 
circuit of the driving microphone, even when only one dry cell was 
used. With three or four dry cells it gave out a most powerful note. 
To obtain the best result it was necessary for the self induction and 
Capacity of the secondary circuit to be so adjusted as to give it the 
same natural electrical periodicity as the fork, that is :— 


: I I R? R? 
Frequency of fork = / = 27 КЫ 41 412 however may be 


5.6 бо 
neglected giving f = so T ET or f= JIK very approximately, 


Where L = henrys 
K = microfarads. 


For a fork frequency of three hundred per second the best value 
of condenser was about 2'5 mf's, although a variation of some 50 per 
cent. on this value would not make a very appreciable difference, which 
indeed would be expected seeing that the average current in the 
primary circuit is a very variable quantity, as is also, in consequence, 
the inductance of the secondary winding of the transformer with iron 
core. Ifthe value of the condenser was about doubled, or made very 
small, the fork either refused to start itself, or responded very feebly. 
If the direction of the induced current in the secondary circuit was 
reversed, not only did the fork refuse to respond, but, if set in motion 


Mr. Taylor. 
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Мг. Taylor. mechanically, it was so rapidly and strongly damped as to be almost 
dead-beat. 
Taking f = 300 
K= 25 


60? 
then from L = FR we get 
L = 0113 henry 


which, as nearly as could be judged, was the actual inductance of the 
secondary circuit. Any alteration to the fork frequency, by loading or 
otherwise, necessitated a corresponding alteration to the condenser to 
give the best result. Frequencies varying between 250 and 500 per 
second were tried. With a fixed fork frequency a variation of the 
number of cells on the driving microphone and primary necessitated a 
small alteration to the condenser to get the best results. Increase of 
power meant diminishing the capacity. This was due to the increased 
inductance of the iron-cored transformer following on increase of 
magnetising current, since magnetisation is not strictly proportional to 
current in iron-cored coils. The resistances of all parts of the circuit 
were kept fairly low. That of the secondary circuit, including the coil 
between the prongs of the fork, did not exceed tow, most of which was 
in the small embraced coil. 

It is due to Mr. Rollo Appleyard, to mention in this connection that 
since constructing the above instrument the writer has been informed 
that the former gentleman had already described a somewhat similar 
arrangement under the title of a “ self-maintained tuning fork,” though 
whether the principle and construction was the same he does not 
know. The instrument described gives out a note of very pure tone, 
and has also been most successfully used by the writer in quite a 
different connection partly on this account. It forms an admirable 
laboratory adjunct for investigation and measurement of inductances 
-at telephonic frequencies on the bridge plan, as used by Lord Rayleigh 
in some of his well-known investigations. By its use the increase of R 
in the primary circuit of a transformer on closing the secondary, as 
distinguished from the diminution of L, сап be measured with accuracy 
and expedition. The two effects can be easily and simply separated 
one from the other by separate balancing, using, of course, a telephone 
receiver in place of the bridge galvanometer. This is merely mentioned 
as an instance of the possible applications of the principle. 

It may not be generally known that in American telephone practice 
the microphone reaction effect is frequently applied as a test of the 
speaking set when the apparatus is connected up to a line. By simply 
holding the telephone receiver in front of the mouthpiece of the 
microphone a musical note is at once set up, although the diaphragms 
may be many inches apart. 

Mr. Cook. Mr. W. W. Cook (communicated) : At first sight the utility of an 
examination of the causes underlying the effects described by Mr. Gill 
may not be apparent, but on closer study the subject becomes 50 
interesting and raises points of so much importance that the value 
of Mr. Gill’s contribution is realised, In Fig. 5 Mr, Gill shows the 


1901.] - DISCUSSION. 899 


circuit of a micro-telephone as used in the Central Battery System. Mr. Cook. 
The same effect is produced with a much simpler circuit as shown 
below :— 


Fic. С. 


the transmitter and receiver being joined up in parallel with a con. 
denser in the receiver circuit. The resemblance between this circuit 
and that used by Mr. Duddell for the musical arc is very striking, but 
so far as I have ascertained the pitch of the note does not correspond 
with the time-constant of the circuit, and this lends probability to Mr. 
Gill's theory. Some of the effects observed with the micro-telephone 
differ from those obtained with transmitters and receivers not 
mechanically joined ; for instance, the difference in note when the 
receiver is reversed is only two semitones, but all seem consistent 
with the explanation put forward by Mr. Gill. The shape of the wave 
observed by Mr. Duddell is very interesting, and possibly may lead to 
further elucidation, but up to the:present I have not been able to 
discover any effect specially due to this. 

Mr. F. GILL, in reply, gave particulars of the instruments used, Mr. Gill. 
which were an ordinary double pole receiver and a Deckert microphone. 
As regards the fundamental note of the diaphragm, he thought in the 
Bell receiver it was about 5,000. He did not think the iron was 
saturated in Figure 3, nor did he think the effect described by Dr. 
Trouton would have any very great effect. Ав regards the tension of 
the diaphragm he pointed out that if the diaphragm were pressed in 
mechanically the note went up, but in the reversal effect there was 
nothing to cause increased or diminished tension of the diaphragm. 
He thought Mr. Taylors communication was most interesting. 
Probably one reason why it was possible to obtain agreement between 
experiment and calculation in the arrangement described was because 
the note to which Mr. Taylor's instrument responds was a fixture, 
whereas in the usual arrangement the note was free to vary, and did 

| vay tremendously. 
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GLASGOW LOCAL SECTION. 


ALUMINIUM : NOTES ON ITS PRODUCTION, 
PROPERTIES, AND USE. 


By W. MURRAY MORRISON, Member. 


(Paper read at Meeting of Section, December то, 1901.) 


When first asked to read a paper before the Glasgow section of our 
Institution, I had some doubts as to whether a general description of 
the Foyers Works (being the largest water-power electrical installation 
in the United Kingdom), with notes on its working, together with some 
remarks on the production of aluminium, calcium carbide, and of other 
electrolytic and electric reduction processes, or a description confined 
to one or other of these subjects, would be most interesting to members, 
but on considering the subject further, I came to the conclusion that the 
former would necessitate such a superficial survey, that I chose the 
latter. I intend, therefore, to make a few remarks on the production 
and properties of aluminium, calling attention, in doing so, to several of 
its uses. 

In passing, although the plant at Foyers has been described to some 
extent on various occasions, it may not be out of place if I state briefly 
what it consists of. The water is derived from the river Foyers which 
has a catchment area of upwards of one hundred square miles. To 
equalise the supply two lochs have been joined together by the raising 
of dams and embankments, making a continuous loch of between five 
and six miles long, by about one half-mile broad. "This loch impounds a 
sufficient amount of water to run the entire plant at the factory fora 
period of about fifty continuous days and nights, which storage, in all 
but the driest seasons, is amply sufficient. The water from the river 
Foyers is passed through a tunnel eight and a half feet diameter, cut 
through the solid rock, to a penstock chamber, whence, by separate 
cast-iron pipes, it is delivered, under a head of 350 feet, to the turbines 
situated in the factory, which is built on a level piece of ground on the 
shore of Loch Ness. Finally, the water passes out through a tail racc 
into Loch Ness, no contaminating matter of any description being 
discharged into it. Seven large Girard turbines, built by Messrs. 
Escher, Wyss & Co., of Zurich, have been installed, driving seven 
vertical continuous current low-pressure Oerlikon dynamos, of 700 
E.H.P. each, running at 150 revolutions per minute. Laminated copper 
brushes are used, having been found, after extended trials, more 
efficient for this type of machine than gauze brushes. The whole plant, 
although it requires rather special handling, runs in a most satisfactory 
manner and gives no trouble. For the class of work which these 
machines have to do no governors are required, the very occasional 
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regulation necessary being done by hand, and the machines can be 
stopped down in three minutes without undue strain on thc pipe line. 
I shall probably excite the envy of most engineers when I tell them that 
this entire plant runs with a load factor, allowing for stoppages, spare 
power, etc., of from '9 {о '95. Two smaller turbines of the class known 
as “ Pelton wheels," also supplied by Escher, Wyss & Co., drive two 
Parker dynamos, which furnish electric light to the factory and houses 
close by, as well as power for a considerable number of motors. These 
turbines are fitted with hydraulic relay governors, giving very satisfactory 
regulation. Having thus briefly described the plant, part of which is 
employed on the production of aluminium, part on that of calcium 
carbide, and part on other allied industries, we may turn to the first 
and perhaps most interesting of these products. 

Aluminium, although never found in nature in the metallic state, is 
one of the most widely distributed elements in the combined state, and 
interesting as the history of its separation is, it is only necessary here to 
say, that but for the application of electricity the metal would still doubt- 
less be classed among the rarer metals, produced in small quantities by 
chemical methods, and sold at £1 per 16. (which was the lowest figure 
it was ever produced at chemically), instead of as now, at from 15. to 1s. 4d. 
per lb. The transformation in the production only dates back as far as 
1887, when Негоше in Europe, and Hall in America, took out patents 
for itselectrolytic extraction. Since that date the production of the metal 
has increased by enormous bounds, and its use, consequent on its 
reduced price, has kept pace with this increase. 

Prior to the electrolytic method, many others for the isolation of 
aluminium electrically were experimented with by different men in 
England, in America, and on the Continent. The electric smelting in ап 
arc furnace of aluminium oxide, one of the most refractory oxides 
known, was among these methods, but entirely failed on account of the 
ease of formation, at the furnace temperature, of aluminium carbide, 
only a small amount of metal being liberated, forming minute particles 
amongst the carbide, the collection of which is not practicable. 
Reduction in aqueous solutions has also been tried, but beautiful as 
such methods would be, if practical, they are doomed to failure on 
account of the fact that even were aluminium deposited it would be in 
such a fine state of division that a secondary action between the 
aluminium and the water would at once commence, so that aluminium 
oxide would be formed and hydrogen liberated. 

Reduction by other metals, having a higher affinity for oxygen than 
aluminium, has not so far been able to compete with the electrolytic 
method, but in this connection it is interesting to state that in 1894, 
Willson, of Canada, was actually attempting to obtain metallic calcium 
with a view to the subsequent reduction of alumina by its aid, when he 
discovered the commercial means of producing calcium carbide, upon 
the application of which such a large industry has sprung up in an 
exceedingly short space of time. Aluminium can be produced from 
any of its salts, and various processes have been proposed for using one 
or other of them, but so far the soundness of the original proposals of 
Héroult and Hall have been proved by the fact that all the practical 
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processes now at work adhere to the methods described in their patents 
of using the refractory sesqui-oxide of aluminium—alumina. Two of 
the other salts, i.e., the chloride and the sulphide, especially the latter, 
offer great inducements to their use on account of the very low voltage, 
comparatively, required for their decomposition, but unfortunately their 
production is so difficult or expensive that their use has been, so far, 
precluded on that account. Should an easy and inexpensive method be 
found of producing these salts, which is certainly within the range of 
possibility, the effect on the cost of the production of the metal may be 
considerable. The following table, showing the theoretical voltages 
required for the decomposition of various aluminium compounds in 
descending order, will make the matter more clear. 


TABLE I. 
Decomposition voltages 
Aluminium fluoride ... ... 45% К e. 40 
к oxide... 2 sais bud .. 28 
Т chloride... sv тз 4% ws 4273 
5 sulphide ... aa TT 452 ... 09 


The electrolytic methods of Heroult and Hall, known in this country 
as “ Héroult's process," are practically identical, and consist in the 
electrolysing of alumina dissolved in a molten bath of cryolite, a double 
fluoride of aluminium and sodium (6NaF. АЕ). СгуоШе is found 
chiefly in Greenland, and is readily obtainable. Alumina is extracted 
by chemical means from bauxite, an ore more or less of the nature of 
clay, containing from 50 to 60 per cent. of alumina. Considerable 
difference of opinion exists as to the exact function of the cryolite, and 
as to the reaction which takes place in the furnace, but in any case 
the ultimate reaction takes place according to the following equation. 


ALO, + 3C = 2Al + 3CO. 


The oxygen of the alumina combines with the carbon of the anode to 
form carbon monoxide, which burns to carbon dioxide in air. The 
aluminium is deposited at the cathode, whence it can be tapped off 
or ladled out at intervals, when a sufficient amount accumulates. 

Professor J. W. Richards, of the Lehigh University, U.S.A., has 
determined the specific gravities of the materials present in the furnace, 
in both their solid and fused states, as follows :— 


TABLE II. 
Solid. Fused. 
Commercial aluminium ius es. 266 .. 254 
T Greenland cryolite .. 2:92 .. 2°08 


Cryolite saturated with alumina 2.2700 ... 235 


This interesting table shows within what narrow limits the process 
works in this respect, and how it is only just possible for the aluminium 
set free to sink to the bottom, or cathode, of the furnace. It also 
indicates the care required to maintain the electrolyte at the most 


. 
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economical temperature without running the risk of altering the 
relationship of the specific gravities of the materials present. "Theoreti- 
cally considered, the electrolytic reduction of aluminium is beautifully 
simple and perfect, but like many other processes, in practice innumer- 
able difficulties are constantly experienced, and experienced even where 
the greatest care and attention has been bestowed. Knowledge of the 
symptoms of such difficulties, the anticipation of their occurrence, and 
the surest and most immediate manner in which to grapple with them, 
are matters which are bound up, of course, with the commercial success 
of the process, but scarcely come within the scope of my present 
remarks. 

The power required to produce the metal being considerable, the 
question one is often asked : Why is water power necessary ?" is at 
once answered. Many statements have recently been made to the 
effect that steam power can, under the best conditions, be brought 
down to a figure at which it will compete with water power, but the 
author has never heard of a better offer for steam power being made 
than £8 per E.H.P. year (o'3d. per unit), whereas electrical power 
generated by water is sold (delivered on the switchboard of thc 
consumer) by power companies, making apparently handsome profits, 
at about £4 рег E.H.P. year. By an “ E.H.P. year," a year of 365 
days of 24 hours each is, in the above cases, referred to. Unfortunately 
water power is generally found in more or less inaccessible positions, 
sothat its undoubtedly lower cost would not in many cases compensate 
for distance from the industrial centres, but where cost of power is the 
most important factor to be considered, such as in the majority of 
electro-metallurgical processes, there can be no question as to its 
economic superiority. Gas engine power plant, driven by producer 
gas, is now coming to the front, but it remains to be seen whether its 
cheapness, depending on the sale of a bye-product for which there is a 
doubtful market, will rival that of water power. 

Aluminium produced commercially by methods other than electro- 
lytic, could not be obtained in such a state of purity as now, when, with 
the use of the purest raw materials and with careful handling, metal 
9009 рег cent. pure can be obtained, and the average commercial 
aluminium has a purity of about 99:5 to 996 per cent. ‘The impurities 
consist entirely of iron and silicon, present in proportions as shown by 
the following analyses, which are representative of the metal offered 
for sale in this country :— 


Sample I. Sample II. 

Silicon X ii o'16 0.18 
Iron 2% vis O'2I 0'26 
-Aluminium ia 99°63 99'56 
100.00 100'00 
— no Sees Se 


With regard to the world’s output of aluminium, it is interesting to 
look back to the year 1888, when Roscoe read a paper before the Royal 
Institution, in which he described Castner’s chemical process for the 
production of aluminium, and the works of the Aluminium Company at 
Oldbury where this process was in use. He pointed out that the works 
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were so large that they were capable of an output of as much as fifty 
tons perannum! The combined production of the present year of the 
English, American, French, and Swiss aluminium producing companies 
is estimated at rather more than 5,000 tons, or тоо times as much as 
Roscoe thirteen years ago looked upon as a phenomenal production.. 

Perhaps the two metals which aluminium is most likely to replace, 
to a certain extent, are copper and tin, the world's use of which for the 
last year was respectively 497,000 tons, and 79,200 tons, the amount of 
aluminium used being only equivalent to 0:87 per cent. by weight, or 
2:85 per cent. by volume, of these combined figures. It will, therefore, 
be seen what possibilities there are for the extension of this already 
considerable electrolytic industry, should even a further small per- 
centage of these metals be replaced by aluminium. 

Like the majority of new things, aluminium has suffered from too 
much being expected of it, and its use having been advocated in a 
haphazard manner for a variety of purposcs, where a knowledge of its 
properties and limitations would have precluded even its trial. On the 
other hand, it has suffered from undue depreciation, and there are 
numerous cases in which its use would prove a decided advantage, and 
cases in which it replaces, with saving in first cost, other metals, when 
it has the qualities required for the special nature of the given work. 
This being so, notes on its outstanding properties and the uses to 
which these properties make it applicable cannot but be of interest. 

The most marked property of aluminium is undoubtedly its low 
specific gravity, which property brings it into competition with other 
metals. Table III., giving the specific gravities, equivalent weights, 
and equivalent prices for equal volume of the common metals, shows 
this clearly. 


TABLE III. 
| | Comparative | 
Metal PES ғанын о MP 
| | · equal volume. 
| | 
Aluminium  ... et 2:56 I 148 | 1 
Zinc... - sea 7'00 2:3 М5 | 5222 
| Tin .. jas is | 730 . 28; 115 | 2'21 
Cast Iron sits wi Mao | 2:89 | 3 | 0586 
Brass (50 per cent.alloy) | 8:30 | 325 | 50 | I'IO | 
Nickel ... a a | 8:50 | 3°32 196 440 
Copper... 0.2.0.1 863 337 | 66 I'5I 
Gun Metal =... bs 8:73 | 341 | 84 | 1'94 


Lead ... с. 5 11'40 445 i 125 377 


4 ! | 
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It will be seen from these figures that for equal volume aluminium 
would weigh only 37 per cent. of the next lightest metal in common 
use, and that as regards cost, only three common metals are lower. 

The tensile strength of pure aluminium, cast, is from five to eight 
tons per square inch, with a 2 to 3 per cent. elongation, and rolled or 
drawn, up to seventeen tons per square inch, with 2 to 4 per cent. 
elongation. It has a low melting point (625 degrees C.), and can 
easily be worked, cast, extruded, rolled, forged, drawn, spun, machined, 
etc., with attention to certain simple precautions, which are now well 
known and easily given effect to. Its shrinkage in casting is high, 
and compares with other metals as shown in Table IV. 


TABLE IV. 


SHRINKAGE OF CASTINGS, 


Zinc ... aie -. °3125 inches in a foot = 2°60 per cent. 


Lead ... ide waa? 78128 P - = 260  , 
Aluminium  ... e. ‘2031 i zi == гб). + 
Соррег у os 1875» і. кб , 
Brass ... ee .. 71580 т 2 = 1°32 5 
Iron Pipes... Se 512502 -y " == 104  , 


Aluminium ranks third among metals as regards malleability, and 
sixth as regards ductility, sheets сап be hammered down to ‘000025 
inch thick (replacing silver leaf), and wire drawn down to '004 inch 
diameter, and even finer. It has a high coefficient of thermal conduc- 
tivity, standing fourth on the list of metals in this respect, which 
Property, added to the fact that it is only affected very slightly by acids, 
and that any of its salts, formed by its partial decomposition, are all 
absolutely harmless, have made it a valuable substitute for other metals 
for cooking utensils, surgical instruments, etc. 

It is less affected by dry or damp air, at any temperature, than any 
of the ordinary metals, and may be melted in air, with only the forma- 
tion ofa very thin film of oxide which tends to prevent further oxidisation 
(the oxide of aluminium being one of the most stable compounds 
known), and which also renders the metal non-volatile. This film 
appears on the surface of the metal instantaneously at any temperature, 
and is a very interesting, as well as useful, characteristic. When under 
the action of a burnisher the film is rubbed off the surface, and the 
metal raised to a higher polish ; the instant the burnishing tool leaves a 
given point on the surface of the metal a film of oxide forms, and as it 
were fixes the surface of the metal at the higher degree of polish. An 
example of the formation of the oxide film is seen in the case of metal 
When being cast. If, when being poured into a mould, rather more 
than the full amount required to fill the mould is poured in and the 
balance runs over the side, the tenacious oxide film, adhering to the 
Surface of the metalin the mould and to the portion which has run over 
the side, forms a tube acting as a syphon, which, if not broken in time, 
Syphons out a considerable quantity of the metal. 

The highly refractory nature of aluminium oxide and, consequently, 

Vou. 81. 27 
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the great affinity of the metal for oxygen, has been taken advantage of 
by Dr. Goldschmidt, who recently introduced a process, based on this 
property, for the production of high temperatures. By means of a 
mixture of finely divided aluminium powder, and a less refractory 
oxide than alumina, Dr. Goldschmidt is able to obtain some of the rarer 
metals, otherwise difficult to isolate, as well as the more common ones. 
The process is started by the ignition of the mixture by means of a 
magnesium ribbon, the oxygen of the oxide present combines with the 
aluminium to form alumina, thus freeing its metal, the reaction spreading 
at once over the whole mass, and raising it to a high temperature. Iron 
being easily reduced from its oxide by this process, Dr. Goldschmidt 
has applied it to the welding of rails and pipes, to the repairing of 
defective and broken steel castings, toothed wheels, etc. His process 
is now being introduced commercially, and apparently may prove to 
be a highly useful one. 

A further application of aluminium, forming one of the largest 
applications yet found for it, consists in its addition to iron, steel, and 
brass castings, where again its high affinity for oxygen is taken 
advantage of. To the casting ladle of molten iron or stecl, a small 
proportion of aluminium (2 to 5 Ibs. per ton) added has the effect of 
reducing the blowholes, by combining with the occluded gases, thus 
rendering the metal much more fluid, and ultimately more ductile, 
tougher, and of greater homogeneity. No aluminium remains in the 
metal, and in foundries where it is used, the “ waster” castings are 
said to be less by a very large percentage. For this purpose aluminium 
has twenty times the deoxidising power of silicon. 

A large field of usefulness is found for alloys of aluminium, which 
are generally divided into two classes. First: Light alloys, or those 
in which not more than about 10 per cent. of other metals are added. 
The specific gravity of these alloys is raised to from 277 to 2:8, but the 
tensile strength is increased to from eight to twenty-four tons per 
square inch with a 2 to 20 per cent. elongation, according as the metal 
is cast or rolled. Second: Heavy alloys, or those in which aluminium 
is present up to only about то per cent.  Bronzes, which find consider- 
able application in the Arts, are the principal alloys in this class. They 
have a specific gravity of from 7:5 to 8:4, and a tensile strength of from 
twenty-five to forty-five tons per square inch, with 10 to 30 per cent. 
elongation. 

Aluminium finds advantageous use in military and naval equipment, 
in the building of motor cars, and in many less known fields, but thc 
one which is more interesting to our Institution is its application in 
electrical work. Lately, owing to the high price of copper and the 
decreased price of aluminium, the use of the latter as a bare wire 
conductor has received a good deal of attention, As some hundreds of 
tons have already been used for that purpose, and as the further 
divergence of prices may in the near future still more accentuate the 
already existing difference in favour of aluminium, it would seem 
advisable that all possible information with regard to the merits of the 
rivalry betwcen these two metals should be collected. Bearing this in 
view the following notes and comparisons may prove of some value. 
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Numerous tests of the specific resistance of pure aluminium have 
been made by Lord Kelvin and others, proving it to have a conductivity 
(copper being 100) of from 60 to 65 per cent., depending on the purity 
of the metal tested. A recent determination by Professor E. Wilson," 
of King's College, London, of aluminium 99'55 per cent. pure (the 
average purity of the commercial metal) shows it to have a specific 
resistance of 2:762 x 10° legal ohms, at 15 degrees С. with a 
temperature coefficient of ‘00393, and a linear coefficient of expansion 
of ‘000023, between 16 and тоо degrees C. Comparing this specific 
resistance with that of copper (Matthiessen’s standard, 1:696 x 10% 
ohms at 15 degrees C.) we get its electrical conductivity equal to 
бга per cent. Comparison of the principal properties of copper 
and aluminium wire is given in Table V., the conductivity of the latter 
having been taken in a round number slightly lower than the actual 
figure given above. 


TABLE V. 
COMPARATIVE FIGURES OF COPPER AND ALUMINIUM WIRE. 
Copper Wire. Aluminium Wire. 
Specific gravity... ifs iss с з 8:93 is 2:65 
Conductivity ... ies us "A ... 100 wel 61 
Section for equal conductivity I 1'64 
Diameter  ,, 5 I 1:28 
Weight s: i m Бе І 1 '485 
» »  J Section see 55% І ve "297 
Tensile strength for equal section ... I "46 
5 T 5 » Conductivity I . “5 


It will be seen that for equal conductivity an aluminium wire must 
have, compared with a copper one, a section increased by 64 per cent. 
(diameter increased by 28 per cent.) but that a saving in weight of 
52 per cent. is obtained, which, when transport is considered, is valuable, 
and which also admits of fewer and lighter poles being used as supports 
for overhead wires. For equal conductivity aluminium has only three 
quarters of the tensile strength of copper, which, especially with small 
wires, may in some cases be insufficient. For this reason alloys are 
frequently used, by which means the tensile strength can be increased to 
equal or surpass that of copper, with, however, a corresponding decrease 
in conductivity, and increase in weight. Alloys equalling the strength 
of copper for equal conductivity with a reduction of from 1 to 2 of 
percentage conductivity, and an increase of only about 2 per cent. in 
weight, have been produced, and extensive experiments in this direction 
are still being conducted. 

Table VI. (p.408) shows for the different market values of copper and 
aluminium, when a saving can be effected by the use of either the one 
or the other as the case may be, for, from the data in Table V., it is 
clear that for any given price of copper there is a corresponding price 
at which it becomes less costly to use aluminium, while securing equal 
efficiency, and vice versá copper for a given price of aluminium. 

* See above (Professor Wilson's paper), p. 321. 
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TABLE VI. 
Price of copper wire in pence Едзе опекает | Equivalent pre falas 
X per Ib. pence per lb. 
. 6 202 12'4 | 
i 236 144 
27 165 | 
9 303 186 | 
10 337 206 
II 37 227 
12 404 247 


The current price of copper wire being about rod. рег 1b., 2064. per 
lb. could be spent on aluminium wire for equal efficiency. As its 
current cost is about 1s. 6d. per Ib., it will be seen that for bare over- 
head conductors aluminium wire is the cheaper of the two by about 
13 per cent., and has the added advantage of saving over 50 per cent. 
in the weight to be dealt with. 

For the transmission of a given current at a given loss, aluminium 
having a larger surface than copper would have, the heating effect of 
C^R losses ought to be smaller. One of the initial difficulties in thc 
use of aluminium conductors was the making of a satisfactory joint. 
Many solders have been proposed for aluminium, only one or two of 
which have apparently proved satisfactory, but their manipulation, even 
if satisfactory, scarcely admits of their application in the field, so it i5 
to mechanical jointing that one has to look. A number of such joints, 
having the requisite mechanical and electrical properties, are in constant 
use, and the description of several of them may be of interest. In 
America, the most generally adopted joint is known as the “ McIntyre 
joint," and consists of a flattened tube of aluminium into which the 
two ends of the wire are inserted, the whole being given two to threc 
complete twists. 

At Foyers we have many tons of aluminium wire, cables, and strip 
in use, and have designed various joints for use in connection with 
them. With strip the ends are overlapped, holes drilled through and 
through, and riveted up tightly with aluminium rivets. It may be here 
said that aluminium, being a highly electro-positive metal, no other 
metal should, if it can be avoided, be used in contact with it, otherwise 
there is the risk of electrolytioaction зе пр in. 

We have a telephone line of No. 12 S.W.G. wire running a distance 
of about six miles over exposed country, supported on poles placed 
about fifty yards apart. The joints in this case are made by twisting 
the ends of the wire round each other, and bending round the loosc 
ends outside the main wire to form a semicircle with a radius of about 
one inch. The two ends are butted together, held by pliers, and 
welded in the flame of a blow lamp. The joints in this line have given 
no trouble, but the wire in the most exposed positions has broken 
several times during very high winds. The wire being of pure 
aluminium and being of so small a diameter accounts for this, and there 
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is no doubt that for telephone or telegraph lines of small diameter, it is 
necessary to use an alloy. Comprehensive experiments with the view 
to finding a suitable alloy have been, and are being, carried out, lines 
being also under trial at the present moment by the Post Office 
authorities and others. It is believed that solutions of the problem 
have been arrived at, and no doubt aluminium wire for these purposes 
will be ultimately as successful as copper ones, the success of which, it 
must be recollected, also entailed endless difficulties and failures in the 
early days. 

The most interesting line is a bare overhead transmission line of 
38 in. diameter, having a total length of about 5,500 feet. The wire is 
bound by means of thin aluminium wire to insulators carried on poles 
about forty yards apart. This line was erected between four and five 
years ago, is in constant use, and has given absolutely no trouble in any 
respect. Being primarily an experimental line, the wire was put up in 
short lengths, so as to give a large number of joints. There are twenty- 
eight of these of different kinds, the best of which I may describe. The 
two ends of the wires are bent round each other—or simply butted 
together—they are then surrounded: by а cigar-shaped mould in two 
halves, which are clamped together, and molten aluminium run in at a 
hole in the top of the mould. The mould is then removed and the 
joint trimmed. Aluminium having a low melting point, the metal 
required for this joint can easily be melted in a hand-ladle on the fire 
of a portable forge. Tests of the electrical and mechanical properties 
of these joints prove that they are more than equal to those of the 
original wire. Samples of some of the above joints are exhibited. 

For connections, flexible and strip, between dynamos and furnaces, 
a large number of tons of aluminium are in use with the most 
satisfactory results. This is a case in which, even were no actual 
saving in first cost secured, it would still be preferable to use aluminium 
in place of copper, for the saving in labour in handling is most 
important. 

In America much more has been done than in this country in the 
way of utilising aluminium wire, and that the experience of American 
engineers is satisfactory is proved by the fact that aluminium has been 
used, or is specified, for all the later large transmission schemes. Among 
the larger of these schemes may be mentioned the 12,000 H.P. trans- 
mission from the Snoqualmie Falls to the cities of Seattle and Tacoma, 
being respectively thirty-two and forty-four miles transmission, the 13,000 
H.P. forty-three miles transmission from the Mokelumne River to 
Stockton, the 2,000 Н.Р. thirty-three mile transmission from Tariffville 
to Hartford, Connecticut, the seventy-six miles of wire between Kansas 
City and Leavenworth, and the important transmission scheme from 
Niagara Falls to Buffalo, a distance of about thirty miles. In this latter 
line, where with copper wires the poles were spaced seventy-five feet 
apart, the average distance with the aluminium lines has been increased 
to 112} feet, representing a saving in poles of over 30 per cent. The 
tests published in regard to some of these transmission schemes have 
been very satisfactory, and the figures closely agree with those given in 
this paper, 
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When first asked to put down aluminium instead of copper, I felt 
great misgivings, having the usual prejudices in favour of the latter, but 
after nearly six years’ practical experience of the handling and use of 
aluminium wires my opinion is entirely altered, and I am fully convinced 
of the advantage to be gained by their use, provided always that the 
first cost compares favourably (due consideration being also given to 
the reduced weight) with that of copper for the same conductivity. 

With regard to insulated cable in low-tension work, aluminium 
cannot compete with copper at present prices, unless the cost of 
dielectrics falls very considerably, as in such cases the radial depth of 
insulation is determined almost entirely by considerations of mechanical 
strength, durability, and Board of Trade regulations. Should the price 
of copper increase, or that of aluminium diminish, as it seems quite 
likely to do with a more extended use, then there will no doubt be 
competition. In order to see of what order prices would have to be for 
such a contingency to arise, the author has taken the case of armoured, 
lead covered, paper insulated cables, of the highest class, ready for 
laying directly in the ground, and found that, with copper at rod. 
per lb., aluminium wires, insulated and sheathed in a similar manner, of 
the same conductivity as copper (i.e. 164 times the section) would have 
to be obtainable, to equal the cost of the copper cables, at from 1454. 
to 16'5d. per Ib. for sections equivalent to from 1 to o'2 square inch of 
copper. In vulcanised rubber cables there would be a saving in total 
weight, averaging about r5 per cent., but in lead-covered cables the 
weight for equal conductivity would be increased by an almost similar 
amount, the insulation and sheathing forming, as it does, so large a 
percentage of the total weight of the cable. 

The case of high-tension cables is, however, on a different footing, 
and is a matter of extreme importance, in view of the many power Bills 
which have recently passed through Parliament. The lack of propor- 
tionality between the radial depth of insulation in cables and its dielectric 
strength was pointed out by Mr. Swinburne in June, 1899, and 
has since been very fully dealt with by Mr. Mervyn O'Gorman in his 
paper? read before the Institution in London in March of this year. 
Mr. O'Gorman there shows conclusively that, for a given voltage of 
supply, there is a certain section of copper which gives the cheapest 
cable. Above this size the increase in price is approximately propor- 
tional to the section of copper, while below this section the increased 
radial depth of insulation necessary, on account of the smaller 
conductor, makes the cable more expensive. Thus, in one of Mr. 
O'Gorman's curves, it is shown that for 20,000 volts, and paper insulation 
with lead sheathing, o'4 square inch is the section of copper, which 
gives the cheapest cable. Suppose in a given case the voltage of 
supply is 20,000—a not improbable figure in view of the considerable 
areas which some of the power companies are to supply—o4 square 
inch will then be the section giving the cheapest copper cable it is 
possible to get. Suppose, however, that a feeding point is to be 
supplied with a certain quantity of power, and that the distance, and 
permissible losses, are such that o'4 square inch of copper is a larger 

+ This Journal, Vol, 30, p. 608. 
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section than is required under the circumstances, and that 025 square 
inch of copper would be sufficient. Then, by substituting o'4 square 
inch of aluminium for the copper, we get a cable which fulfils the 
hecessary conditions, and costs from £150 to £170 less per mile than 
the copper cable, apart from saving in weight, which reduces the cost of 
laying. Thus for all high voltages there are certain circumstances 
under which aluminium cables are considerably cheaper than copper. 
This point deserves careful consideration by those responsible for the 
installation of high-tension transmission lines, 

The oxide film on aluminium, above referred to, may be found to 
have an important bearing in such cases, as its resistance, in a dry 
state, has been found by Professor Wilson to be very high. The tensile 
Strength of the wire in insulated cables would not be a factor, so that 
inall cases pure aluminium would be used. 

The electrical conductivity of different metals as given in Table VII., 
some of which are used for connections, parts of switch gear, brush 
holders, etc., coupled with their relative costs as given in Table III., 
would seem to indicate the superiority of aluminium for these purposes, 
and indeed it is now being used to a considerable extent in this 
direction. Aluminium it may also be stated is non-magnetic. 


TABLE VII. 


Metal. Electrical Conductivity. 
Copper (pure) ... — iis s 555 100 
Silicon bronze ... 22; ids 98 
Copper-Silver (50 Be cent. alloy) is А 86:6 
Aluminium de Vis — 614 
Zinc TS us site ae 29'9 
Brass (35 per cent: zine) 55 es ee 21'5 
Iron wire Тт see 0 axe is 16 
Tin eis aie oe s dae aai I5'4 
Lead 20; Si € E x lis 8:9 
Nickel... ive Si m - з 78 
Antimony 55% sits UT je 24% 39 


Table VIII. (see p. 412) showing the relative weights and resistances 
of aluminium and copper wires of different sizes is given for reference. 


Prof. M. MACLEAN (Chairman) said that a member had asked 
him if it would be competent to discuss the paper! read by Professor 
Ernest Wilson before the parent Institution the previous week, the 
subject matter of which also dealt with aluminium. He thought it 
Would be quite competent to make remarks on that paper as well as 
on the paper Mr. Morrison had just read. He therefore invited the 
members to make remarks on either paper. 

Мг. W. B. SAYERS said there were one or two points in Professor 
Wilson’s paper to which he would like to call their attention. With 
regard to the statement that the conductivity of some alloys increased 
when heated from o? to 100° C., this seemed to read as though Professor 

* See above (this volume), p. 321, 
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TABLE VIII. 


Weight in 168. Length in feet | Resistance per mile 
Area in per mile. per 1b. in Ohms. 
square 
mee | Ate | Copper. | mitten | Copper. | minium. | COPPE 
"196 1,194 3,981 442 7331 353 215 
"169 1,018 13426 518 L56| “410 "250 | 
147 8015 |2,972 5:92| 1781 476] 72%! 
"126 7644 2,547 691 го] 554 337 | 
лоў | 66r1 |2204 799| 2471 642| '390 | 
"0951 5785 |1,926 9'13 2740 731 445” 
0824 5078 (1,671 10:40 316] 840 513 | 
0707 | 4299 |1433 1228| 368  :980 597 | 
‘0598 3637 |1,212 14:52 437| 116 -707 | 
0499 3041 |1,012 17'36 522 140 :850 | 
0423 2533 8556 20:85 617| 1°64 I'O0 | 
'0353 2147 | 7157 2459| 738! 197 г20 | 
0290 1761 5870 29°99 8°99} 2°40 146 | 
9243 1480 | 4933 3568| 1070) 286 1-74 | 
‘0201 1263 | 4075 4179| 129) 345 210 | 
0163 901 | 3305 5326| 1598| 428 260 | 
0129 705 | 2609 6644| 2023 538 3°28 | 
0106 630 | 2143 83°82 2463| 650 400 | 
00849 487 17273 1084 3004; 820 4:98 | 
"00665 396 | 1348 1332 3917, 105 636 | 
"00503 314 101'4 168:0 52'09 | 139 842 , 
“00407 24'8 8rI 211'9 6510, 171 104 | 
"00322 108 6429 267:2 81:38 | 217 13:2 | 
00246 157 499 | 3369 | 1059 , 282 172 
00181 10'9 36'5 482°6 1447 | 394 | 234 | 
00126 781| 255 | 6757 | 2074 | 552 | 336 | 
00102 6°20 20:6 85Г8 2559 | 681 E | 
000804 492| 164 |1074 3223 | 863 526 | 
"000616 373 125 |1414 4231 |113 686 | 
000452 | 274| 916 | 1,929 | 5764 |154 бей | 
000380 2°45 770 | 2,154 6857 M III | 
"000314 1794 6°36 | 2,716 8302 222 135 
"000254 1°54 S14 | 3,425 1,027 | 272 166 | 
"000211 1:22 4228 | 4,318 1,234 328 | 200 
"000172 1°03 3°49 | 5,106 ISI4 403 | 246 
"000145 884 295 | 5974 1796 478 291 
'000121 730 2'44 | 7,233 | 2,104 |576 351 | 
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Wilson had found a positive coefficient for conductivity with tem- 
perature increases, but this was not borne out by the table at the end 
of the paper. Perhaps Mr. Morrison could make this clear. Referring 
to Mr. Morrison's paper. there had been a great deal made of the diffi- 
culty of soldering aluminium, yet he (Mr. Morrison) told them without 
a word of explanation that the wires were welded with a blow lamp! 
Why trouble about soldering if welding was such a simple matter? 
From the way in which the samples of wires with welded joints were 
twisted together he imagined that the welded joint was deficient in 
mechanical strength. He asked Mr. Morrison to give them some 
information as to the energy required in producing aluminium—how 
many horse-power hours were required per ton of metal, for instance ? 

Mr. W. MCWHIRTER said that when they came to use aluminium 
for conductors there were a good many points which required careful 
consideration. Its breaking weight, as compared with either iron or 
Copper, was very much less, and the coefficiency of lineal expansion for 
temperature was much higher. It would hardly, therefore, be possible 
to erect aluminium lines on the same poles with copper or iron; of 
course, for electrical transmission this would not be necessary. The 
suggestion made in the paper that the spans for aluminium lines might 
be much longer than for other metals he was afraid would not hold 
good, as the difference of expansion would make a very great difference 
inthe sag, using aluminium. In addition to this the aluminium could 
not be pulled up to much more than half the stress usually obtained 
With iron or copper, and, further, the additional area exposed to wind 
and snow would be liable to throw greater stress upon the aluminium 
line. It would therefore be advisable to decrease the distance between 
the poles where aluminium lines were erected. The information given 
by Mr. Ernest Wilson in the paper read last week before the Institution 
in London pointed, however, to the possibility of the above difficulties 
being effectively met by the use of an aluminium alloy, and seeing the 
breaking weight of the material can be increased by 33 per cent. with 
à very slight reduction in the conductivity of the metal, it appears that 
we may look forward to considerable use being made of these alloys. 
The heavy loads to which aérial lines are exposed both from storm 
and snow must be fully provided for, and he remembered one very 
remarkable snowstorm which occurred over twenty years ago when a 
railway line under his supervision had, in a length of less than one 
hundred miles, nearly thirty miles completely wrecked. 

With reference to the remarks of Mr. Sayers regarding the increased 
conductivity due to annealing, this was, he thougbt, explained by the 
fact that the metals after annealing were allowed to cool before these 
tests were taken. He did not think the results were found while the 
metals were at the higher temperature. 

There could be no doubt the field for aluminium is extending very 
rapidly, and recently during a journey in India he had noticed how 
extensively aluminium was used in a great variety of ways throughout 
that vast country, more especially, however, for cooking utensils, where 
it appeared likely that in a few years copper would be quite displaced 
for this purpose. 


Mr. Sayers 
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Mr. Н. А. Махов said his firm had begun to use aluminium in their 
foundry, and the results had been very satisfactory. They experienced 
some difficulty, however, in machining it. He noticed that Mr. Morrison's 
paper, while giving very full data with regard to aluminium, said 
nothing about its crushing strength. It would be interesting to have 
a few facts with regard to this. Mr. Morrison had mentioned the cost 
of £4 per H.P. per annum. Mr. Mavor gave the following particulars 
of the best case in his knowledge of low cost of power production. 
The information was given to him by the manufacturer direct. The 
questions addressed to the manufacturer are given below, together with 
answers. The cost given works out to about ‘093 pence per horse-power 
per hour for coal, wages, oil and stores. It will be noted that the cost 
of the coal is not particularly low. "These particulars are taken from a 
paper read to the Institution of Engineers and Shipbuilders in Scotland 
on 22nd March, 1898 :— 


What is your manufacture ?—Spinning. 

What is the source of power? Coal or water power ?—Coal. 

At what price delivered сап you obtain coal for steam raising ?—55. 

At what price delivered can you obtain anthracite coal ? 

At what price delivered can you obtain coke ? 

What size of boilers do you use ?—No. 3 ; size, 30 ft. by 8 ft. ; type, Lan- 
cashire 2-flue. 

What engines do you use ?—No. І; size, 1,200 Н.Р. ; type, vertical triple 
expansion. 

What is your steam pressure ?—140 lbs. 

Do you use mechanical stokers ?—No ; moveable bars. 

Do you use forced draught ?—No. 

Do you use condensers ?—Yes ; one. 

Do you use economisers ?—Yes ; 320 pipes. 

How many hours per annum does your factory run ?— 2,800. 

What is the total I.H.P. of your engines at maximum load 2—933. 

What is the total I.H.P. of your engines at normal load 2—840. 

What part of the power is expended in driving shafting and belting ?— 
200 I.H.P. 

What is approximately the loss of pressure in steam pipes to isolated 
engines ?—3 Ibs. 

At what do you estimate the cost of power per horse-power per annum ?— 
145. (State whether inclusive or exclusive of depreciation on cost of engines, 
repairs, etc.)—Exclusive. 

What is your total coal bill per annum for steam raising ?— 2586. 

What is your total oil bill per annum for steam engines ?— £35. 

What is your total petty stores bill per annum for steam powers ?— £30. 

What is your total water bill per annum for steam raising ?— 253 (interest 
and ground rent for reservoirs). 

What is your total wages bill per annum for steam raising ?— £83 15s. 

What is your total wages bill per annum for engine tending ?— £113 15s. 


Mr. W. A. CHAMEN, in thanking the author, said that in common 
with some of the other speakers he was a little disappointed that Mr. 
Morrison had not said more about the methods of producing aluminium. 
He had hoped that Mr. Morrison would have shown them a sectional 
view of one of his electrolytic furnaces on the screen. In this wav he 
might have given them an outlet for using some of their spare horse- 
power during the summer months. 

Mr. H. J. Вувв said he had been asked to make a few remarks as 
a user of or worker in the metal, at a later stage than the author deals 
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with in practice. For electrical work an illustration of its use may be 
quoted in the fact that the wiring of the outside arc lighting at the 
recent Glasgow Exhibition was entirely done with bare aluminium 
wire, erected under the superintendence of the speaker and his 
colleagues. The instructions given by the engineer to the Exhibition 
were that a drop of ten volts was to be the maximum, the lamps being 
arranged ten in series across mains, having a difference of potential of 
510 volts. Some of the circuits were inevitably of considerable 
length, and for these the gauge of aluminium wire employed was 
No. 3 S.W.G., while for the rest No. 7 was sufficient to ensure the 
necessary conductivity for the maximum drop named. Not the 
slightest difficulty was found in regard to the strength of the wire, but 
on the other hand this strength was found to be altogether out of 
proportion to the strength of the fixtures for the insulators originally 
erected on the arc lamp standards, which were subsequently con- 
siderably modified. Joints were avoided where possible, and in some 
cases, these being inevitable, were made by the simple process of butt 
welding, and proved perfectly satisfactory. Тһе wire has been 
removed at the close of the Exhibition and no appreciable deterioration 
seems to have taken place. The process of welding aluminium which 
does not seem to be familiar to some of the speakers is one of the 
most simple operations possible, in fact so simple that a labourer of 
Ordinary intelligence is capable of making a satisfactory joint after 
half an hour's practice. The easiest method is to impinge the flame of 
a blow-lamp or blow-pipe on to a firebrick or piece of foundry coke, 
in a similar manner to the oxyhydrogen jet on to a lime cylinder. The 
two ends of the wire to be jointed, roughly cleaned with a piece of 
sand or emery paper, are brought together in the flame in such a 
Position that one side is heated by the flame direct and the other by 
the flame reflected back, so to speak, by the hot surface of the coke or 
fire-brick. At the instant of semi-fusion, which is easily noticed, the 
ends are pressed together and the wire steadily removed from the 
flame and held until the metal has completely set, which only takes an 
instant with small sizes. If the wires have been truly butted and held 
steadily throughout the operation, the result, when the swollen portion 
is filed and cleaned off, cannot be distinguished from the rest of the 
Wire, and a perfect electrical joint results. A drawback to using this 
joint for an overhead line, where there is considerable tension on the 
wire, is that the heating of hard drawn aluminium anneals it, and 
while increasing its conductivity decreases its strength by about 30 
per cent. A wire jointed in this manner, and strained to breaking 
point, will be found to give way not at the joint itself, but within 
iin. to Жіп. on either side of it, according to the thickness of the 
wire, the reason being that the metal at these points has been 
absolutely annealed, and is accordingly weaker than the rest of the 
line... Accordingly, devices to increase the mechanical efficiency of the 
joint, such as shown by the author of the paper, are usually employed 
in practice. 

Mr. Martin and Mr. Mavor have inquired as to the lubricant 
recommended for use in machining aluminium, I believe that Mr. 
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Martin's firm already use the lubricant that seems to be the best yet 
discovered, viz., half turpentine and half water. With this the metal 
can be machined with very nearly the same facility as brass, if the 
tools are ground to the rake, etc., that the engineer finds most suitable 
for the work in hand, and a good stream of the liquid is allowed to 
play on the point of the tool. The harder or stiffer alloys, however, 
machine perfectly well dry, and very little benefit is found by the use 
of any lubricant in their case. Bolts and studs should, wherever 
possible, be chased and not screwed in dies, and in cutting any thread 
it is always best to keep a flow of lubricant on the work. For drawing 
through a die, horse-grease, tallow, or suet is recommended, a good 
quantity being employed, care being taken never to expose a dry 
surface to the die, which otherwise tends to become coated with the 
metal and will no longer give a clean surface to the rod or wire. 
Professor A. JAMIESON wrote that he was pleased to learn that 
neither the famous “ Falls of Foyers” nor the foliage of the surround- 
ing district have suffered by the aluminium works. Knowing Mr. 
Morrison as he did, not only as a careful painstaking student, but as an 
assistant who recorded very fully everything he tested, he could not 
help observing that his paper must have been subjected to considerable 
* press censorship" by his Company. For example, he gave the E.H.P. 
and the revolutions per minute of the Oerlikon dynamos, but omitted 
to state either their voltage or current. Again, he did not state the 
average potential difference between the terminals of the electrolytic 
furnaces at the beginning of, during, and towards the end of smelting a 
charge. Further, he gave no sectional drawings and description of 
the construction and working of these furnaces. And so with many 
other points. No doubt, the present severe foreign competition caused 
the British Aluminium Company to keep secret any new specially 
useful improvement which they did not find necessary to patent or 
publish. They were, however, willing to let their manager explain the 
manufacture in a general way and for him to give just as much know- 
ledge of the purified article as might be interesting and useful to 
buyers of their ingots. Members of this Institution were, however, 
desirous of knowing something more than this, if it could be abstracted 
from those who know. The first statement in the paper regarding the 
working of the turbo- generators, which excited our appreciation, was 
that they worked night and day without governors in the most 
satisfactory manner, with a net “load factor” from go to 95 per cent. ; 
and, that these machines could be stopped, when necessary, in three 
minutes without causing any undue stress on the supply-pipes. The 
second most important statement was, that the price per pound had 
been reduced from £1 to 1s. since the introduction of the Heroult-Hall 
electrolytic process. And the third, that aluminium can be produced 
commercially, of 99:5 to 99°6 per cent. purity. These were remarkable 
results and all accomplished within the past few years. Mr. Morrison 
has very clearly pointed out, that in the reduction of aluminium by the 
above-mentioned process (see Table II.) nature somehow or other 
automatically came to its aid, by causing the specific gravity of the fused 
commercial aluminium to be higher than cither its Greenland cryolite 
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flux or cryolite when saturated with alumina; whereas, in the solid 
state the reverse is the case! The difference of their specific gravities 
is, however, so very slight that the process becomes a very delicate 
one. Mr. Morrison did not state the actual cost per E.H.P.-year 
of the water-power at Foyers, but he led one to infer that it is less 
than £4 per annum of 8,760 hours’ work. Mr. Morrison gave all the 
best reasons why aluminium is now recognised as the most valuable 
substitute for iron, copper and other metallic cooking utensils, but he 
(the speaker) had been astonished some time ago to find upon a troop- 
ship by far the greater proportion of the pots, pans and kettles were 
made of aluminium; and that the troops would be supplied with 
similar, but of course smaller and lighter, cooking appliances when 
encamped on the veldt. He had recently learnt that all sorts of light 
military necessaries, both for home and abroad, were now being 
ordered, and that these things served their purposes better than if con- 
structed of any other metal. Mr. Morrison, when dealing with the 
“specific resistance of aluminium,” and also Professor E. Wilson, used 
the term “legal ohms”; but this so-called Legal Ohm was now out 
of date. It was the Ohm proposed at the Paris Congress of Electricians 
in 1884, and was entirely superseded by the ‘Ohm’ as defined by 
the Board of Trade. Moreover, Professor Wilson had referred to 
Matthiessen’s standard, but every one had agreed to adopt the “ Report 
of the British Representative Committee on Copper Conductors,” issued 
in December, 1899, as being the most reliable. He suggested that Mr. 
Morrison should change Professor Wilson’s results into Ohms, when 
forming the tables, about which he was just going to make a few sugges- 
tions. Mr. Morrison, on p. 408, had referred to solders for aluminium, 
but on page 38 in “ Notes on Aluminium and its Alloys " as issued by 
the British Aluminium Со. Ltd., the following sentence occurs :— 
" Soldering has so far been a difficult task, but the British Aluminium 
Company has a hard and a soft solder entirely answering the purpose." 
Then follow rules how to use these solders, but never a word as to 
their composition! Perhaps Mr. Morrison could, in his reply, furnish 
the composition of these, the best solders for aluminium and how to 
use them. Тһе information given in the paper regarding aérial con- 
ductors was interesting, instructive, and encouraging. Тһе speaker 
suggested that Mr. Morrison should collect all the known reliable and 
most important data regarding aluminium, and all the other most 
useful metals, into three separate tables, printing the data for 
aluminium and its chief alloys, copper and iron, in distinctive types so 
that these could be easily compared. Table I. should have as a 
heading, * Physical, Chemical and Metallurgical Data"; Table II, 
“Mechanical Data"; and Table III. “Electrical and Commercial 
Data.” By so doing, and giving the authorities quoted, he would 
confer a great benefit upon chemists, engineers and electricians, and 
save them, as well as others, much time and vexation in looking up 
numerous disjointed tests and tables. No one could have a better 
opportunity of doing so, and from his position as manager and 


* See Munro and Jamieson's Pocket Book of Electrical Rules and Tables, 
15th edition, 1901, pages xxix., xxxi., 15, 264, etc. ; see Index. 
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engineer of the British aluminium works, his results and quotations 
would be accepted as reliable. 

Мг. W. Murray Morrison, in replying to the remarks made upon 
his paper, said: I am very pleased that Mr. Sayers has mentioned 
Professor Wilson's highly instructive paper read before the Institution 
in London a few days ago. The “negative temperature coefficient," 
however, which Mr. Sayers attributes to aluminium wire from his 
rendering of the text of Professor Wilson's paper is, I am sorry to say, 
imaginary. In dealing with pure aluminium, Professor Wilson states that 
he finds no change in specific resistance after annealing, but gives a 
temperature coefficient which is, of course, positive (see Table I. in 
his paper). In the case of alloys a positive temperature coefficient for 
the different samples tested is also given (Table III.), the increased 
conductivity referred to in the text being for wires cold after heating 
to the temperature spoken of. The curve which Prof. Wilson draws 
attention to as being concave downwards is quite in accordance with 
his tables and statements, as it is evident that it refers to tests upon 
alloyed wires for the purpose of obtaining the temperature coefficients, 
which question is obviously apart from annealing. The curve express- 
ing the resistance of copper wire in terms of temperature is known to 
be concave downwards, and a flatter curve than that for copper, but 
still concave downwards, would satisfy the figures given in his tables. 

I have among the samples of joints, etc., exhibited a piece of wire 
cut out of a line erected at Foyers over four years ago, and as you will 
see it has not been in any way affected by exposure to severe weather 
conditions during that period. The samples which Mr. Kershaw 
exhibited before the Institution in London some months ago were 
exposed іп a very bad atmosphere vitiated by the fumes from chemical 
works, under which conditions wires of any other metal than aluminium 
would also seriously deteriorate. No analyses were given of these 
samples, and it is probable that they were not of pure aluminium, 
in which case their corrosion would doubtless be greater. 

The welding of aluminium that has been referred to by Mr. 
Sayers I dismissed in a sentence, not appreciating the necessity of 
entering fully into details of the simple operation in question. Mr. 
Bubb having fully explained the method adopted, I need not recapitu- 
late, but can fully endorse his statement to the effect that the process is 
quite within the scope of the average workman's intelligence. The 
joint which I have described as having been used for No. 12 S.W.G. 
telephone wire is necessary so as not to reduce the tensile strength of 
the wire by annealing a portion actually under stress, as would be the 
case were a simple weld adopted. 

The tensile strength of copper wire, as instanced by Mr. McWhirter, 
almost exactly corresponds with that taken in the paper when comparing 
copper with aluminium in Table V. As far as I am aware it is very 
exceptional practice to run wires of different metals on the same poles, 
but should this be necessary in special cases the problem of running 
aluminium wires in conjunction with those of other metals should not— 
due attention being paid to the design—be more difficult than in the 
case of pairs of other metals, such as copper and iron. 


1901.] PRODUCTION, PROPERTIES, AND USE: DISCUSSION. 419 


I am very much interested to hear from Mr. Mavor of his satisfaction Mr. 

with the aluminium apparatus which he has used for electrica] "orien. 
purposes. The figure of £2 per I.H.P. per annum, which he gives as 
the cost of steam power іп a certain: locality in the North of Eng- 
land, is certainly surprisingly low and almost incomprchensible. If a 
3,000-hour year forms the basis of this figure, it would have to be 
multiplied by practically three to compare with the figures I have 
instanced, making, say, £6 per I.H.P. year. If Mr. Mavor means a full 
8,760-hour year, I would point out that the most economical steam- 
engines now in use require the combustion of very nearly four tons of 
coal per H.P. per annum, working continuously at their highest 
efficiency. This fixes the price of fuel at a figure which, assuming the 
price of coal to be the cheapest obtainable, leaves a very slender 
margin for running charges, maintenance, interest, depreciation, oil, 
Waste, stores, etc. Water-power companies, as I have pointed out, sell 
power at £4 per electrical horse-power year (delivered on the switch- 
board of the consumer), which figure pays all the charges enumerated 
ahove, and profits to the shareholders in addition. The compressive 
strength of aluminium which Mr. Mavor asked for is, for pure metal as 
cast, about six tons; for annealed, five tons ; and for forged, seven tons 
рег square inch. For further data as to the mechanical properties of 
aluminium wires, pure and alloyed, I would refer him to the tables 
given in Professor Wilson's paper. 

In answer to the questions put by Mr. Chamen and some of the 
other speakers, I would say that for commercial reasons, which they 
will, no doubt, readily appreciate, it is not possible for me to discuss 
the points they raise in greater detail. 

The meeting was brought to a close by the CHAIRMAN proposing a The 
vote of thanks to Mr. Murray Morrison, and this was done with С ^а! 
acclamation. 
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CALCUTTA LOCAL SECTION. 


SOME HINTS ON OVERHEAD CONSTRUCTION. 


By OLDBURY BURNE, Associate. 
(Paper read at Mecting of Section, April 19, 1901.) 


DIP OF COPPER WIRE. 


The usual practice is to strain the wire up to such a dip that the 
tension shall be one-fourth of the breaking strain. For the wire we 
use in the Indian Telegraph Department which is made on the British 
Post Office specification ; one-fourth breaking strain is given by the 
formula— 


5 = Weight per mile X 33 ,,,,... (0 
4 
and the dip in feet by the formula— 
__ 17W 
OX aa hee чё 40% лор ы чє ДЗ) 


Where S = } Breaking strain. 
d = Dip in feet. 
1 = Length of span in feet. 
W = Weight of 1 foot of wire in lbs. = "0180 for тоо lbs. wire. 


The dips calculated from this formula will be found in the table 
attached to this paper for spans from 100 to 300 feet. The dip, it 
will be noticed, increases as the square of the span, and it is the same 
for every size of wire, asis evident from the formula, when any increase 
in W the weight of the wire is compensated for by a proportionate in- 
crease in S, the strain it will stand. This latter fact is very often over- 
looked by native workmen, who will almost always strain a light wire 
tighter than a heavy one unless very carefully watched. 

In order that the wire may never be subjected to more than one-fourth 
breaking strain, it is necessary that the dip should never be less than 
that given in the table under any condition of temperature. "That is 
to say, the wire must be given such a dip when erected, that with the 
greatest shrinkage which may ever take place with change of tempera- 
ture, it shall not be less than that given in the table. Therefore as 
copper wire shrinks with a fall in temperature, we want the dip to be 
that given in the table when the wire is at the lowest temperature it 
is ever likely to be subjected to. The effect of temperature only on 
copper wire is given by the following formule, taken from the article 
on the subject by Ргессе in Munro and Jamieson's Pocket Book— 


ЭС 
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Where] = Span. 
L = Length of wire in span. 
d = Dip at standard temperature, i.e., min. temp. 
d' = Dip at any other temperature. 
S =Strain at minimum temperature. 
S' = Strain at any other temperature. 
W = Weight of unit length of wire. 
T = Difference of temperature in degrees F. 

К =Co-efficient of expansion for copper wire. 

= '00,000,956 per degree F. 


The values of d' & S' calculated from (4) & (5) will be found set out 
in the curves (Fig. 1) for wire of тоо 158. per mile, for spans of 25, 50, 


FIG. I. 


75, and roo yards, for a range of temperature from roo degrees above 
that taken as standard to that which would reduce the dip to nothing if 
the wire did not stretch. The results set out in these curves are at 
first sight rather startling. It will be noticed that in a span of тоо 
yards if, after the wire has been erected at the regular dip of 2:58 feet to 
give one-fourth breaking strain, the temperature falls, a fall of 154 degrees 
reduces the dip to r'4 feet and increases the tension to one-half breaking 
strain, and a fall of 19 degrees reduces the dip to 7 feet and increases 
the tension to breaking strain. With the shorter spans the effect is 
still more marked, for in a fifty yards span, a fall of only 4 degrees 
reduces the dip from ‘65 feet to '3 feet and increases the tension from one- 
fourth to one-half breaking strain and something less than 5 degrees in- 
creases the tension to breaking strain. Of course long before the tension 
rises to breaking strain the wire will begin to stretch, and the stretching 
willincrease in proportion tothe strain, but still the wire will betried much 
above its proper working strain, and if the fall in temperature is con- 
siderable it will be permanently stretched and not recover itself when 
the temperature rises again. If it had stretched in this way once or 
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twice and had then been pulled up again to the tabular dip when the 
temperature is high, and no allowance is made for it, it may very well 
happen that the limit of its elasticity may be passed and the wire will 
break some cold night. The wire which we use in the Telegraph 
Department is specified to stretch only 14 per cent. before breaking, so 
that the elastic limit is soon reached, and we do find pretty often that 
breaks occur, especially in short spans. In these short spans not only is 
the effect of temperature very much greater than in the long ones, but 
a very small error in measuring the dip when erecting the wire is 
sufficient to make the tension very much greater than it should be. 
Looking at the curves for a 50 yards span, observe that if the dip is 
made a little more than 3 inches less than it should be, the tension is 
raised to half breaking strain, and in a 25 yards span an error of about 
1 inch will bring the tension up to breaking strain. In ordinary long 
spans of 75 yards and over it is usually most convenient and quite 
accurate enough to strain up wire by measuring the dip at the centre of 
the span. When this method is employed the correct dip to give the 
wire for any temperature can be easily got from the dip curves. Sup- 
pose we have to strain up a wire with spans 75 yards long in Calcutta 
in the hot weather where the temperature of the wire may be, say 9o 
degrees at time of straining. The lowest temperature it will have to 
stand in the cold weather will be, say so degrees. Then we have to 
allow for a difference of temperature of до degrees. Look at the curve 
of dips for a 75 yards span where it cuts the vertical line corresponding 
to 40 degrees, and you will find the dip should be just over 36 inches. 
This dip will allow of its not being tried to more than one-fourth breaking 
strain if the temperature falls to 5o degrees. In spans of less than 75 yards 
where small errors in measuring the dip make a very large difference in 
the tension, it will be better to strain up by using some form of portable 
dynamometer to measure the strain, and take the value of the proper 
strain to apply from the curves showing the strains. These curves are 
plotted for wire weighing тоо 165. per mile, but can be easily read off 
for wire of other weights by merely multiplying the value as given by 
the curve by the weight per mile of the wire divided by roo. 

Suppose with the same range of temperature as above, we want to 
strain up wire weighing 600 lbs. per mile in spans of 5o yards. Then 
looking at the curve of strains for 50 yards spans where it cuts the line 
corresponding to 40 degrees, we find the proper strain to be 28 lbs. for 
тоо lbs. wire, which being multiplied by $38 gives 28 x 6 = 168 155. as 
the proper strain for боо lbs. wire at this temperature. When the 
lengths of the spans are intermediate between those for which the 
curves are drawn, the proper values can be quite sufficiently accurately 
taken off by inspection for practical purposes. 

These curves take no account of the elasticity and stretching of 
the wire with changes in stress and give considerably bigger correc- 
tions for the dip than are really necessary, but they are on the safe side 
and might be worked to without inconvenience for the shorter spans 
where the dips given are not large enough to cause any danger from 
the wires getting into contact. Since writing the above a paper by 
Hopkinson has appeared in the Electrician for January 25, 1901, giving a 
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formula by which dips can be corrected for temperature and elasticity 
combined, and Mr. M. G. Simpson will, I hope, tell you something . 
of this in the discussion on this paper and also of some very interest- 
ing practical experiments carried out by Messrs. Styan and Shields, 
at Karachi, which agree very nearly with the formula as given by 
Hopkinson. 

Practical Hints on straining up Wire.—To measure а dip the most 
convenient way is to mark off the required amount from the top of 
a light bamboo, which should be some 3 or 4 feet shorter than the 
height of the wire from the ground, and to have another bamboo about 
6 feet long. Then have a man at midspan who holds the shorter 
bamboo on the ground and slides the longer one up and down till a 
man on one of the posts tells him its top is just in line with the two 
points of support. He then ties the two bamboos together and the 
Wires are pulled up to the dip mark. If many wires are to be pulled 
up it is convenient to mark the dip for each wire on the stick. In 
pulling up long lengths of wire, owing to the friction at the points of 
support the dip has a tendency to be greater as the span is farther from 
the point where the strain is applied, if the wire is merely pulled up 
till it touches the dip mark. The dips will be got more even by pulling 
the wire a little above the mark and then slacking it down, but in doing 
this the wire must not be pulled up enough to put more than one-half 
breaking strain on it at the outside. To ensure this it is well to have 
another mark above that for the dip curves. The best way to slack out the 
wire is to slightly untwist the rope stop which holds it, and let it out in 
jerks of a very little at a time. This is easily done if the straining is 
done on the ground as it should be, and the jerk seems to ensure the 
wire runn ing back evenly all along the length strained, which is not the 
case whem the wire is gradually slacked off with the tackle. Both 
for this reason and because it does not damage the wire, the rope stop 
generally used in India for gripping the wire is better than any of 
the many metal vice-like gripping devices which have been brought 
out. 

Binding.—In binding the wires to the insulators it is necessary 
that the binders should be as tight as possible. If loose they allow a 
little play of the line wire when it vibrates in the wind, and in 
a very short time the wire is nearly cut through and breaks. 
This has been a very common cause of breaks on our telegraph lines. 
Breaks have also often been caused by little rings of binding wire left 
on when re-binding and re-levelling old lines. These rings find their 
way to the centre of the span or to a joint and by constantly vibrating 
and revolving gradually cut into the wire till it is so much reduced 
as to break. 

To prevent the binding wires cutting into the line wire at the 
insulators, we now usually warp the latter with a thin strip of copper 
before binding ; this is found to answer well. 

Stays.—Wherever it is possible, all posts subjected to lateral strains 
either at angles or terminals should be stayed so that alllateral strain 
is cóunteracted by the stay. It is a very common thing to see stays at 
terminals put in much too light. In staying terminal posts it has to be 
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borne in mind that the strain in the stay is always greater than that in 
the line, and that the ratio between them varies greatly with the angle 
the stay makes with the ground. The greater the spread of the stay 
the less strain docs it have to bear and it is therefore well to have as 
great a spread as can be conveniently given. It must also be 
remembered that with small spreads the stay exerts a large downward 
pull on the post. The following table gives the strain which a 
horizontal pull of 1 lb. at the head of a post brings upon a stay at 
various angles with the ground. The strain in the stay is given by the 
formula: P = Scos D, where S = strain іп the stay, P the strain in the 
line and D the angle the stay makes with the ground. 

Looking at the table, notice that up to D = 6o degrees the strain 
in the stay is less than twice that in the line wire, but that when D 
is more than 60 degrees the strain in the stay is more than twice that 
in the line and tends to rise more and more rapidly as D increases. 
An angle of 60 degrees gives usually a fairly convenient spread, with 
the distance of the stay from the post slightly more than one-half the 
height of the post (15:2); with this angle the stay must be twice as 
strong as the line wires terminated on the post, and if the stay and 
line wires are of equal strength, weight for weight, it is necessary 
to put twice as heavy wires in the stay as in the linc. 


————€——————————————————————————————— 


| 
D = angle of | Stress in stay Гог || D = angle of | Stress in stay for 
stay with every lb. of stress); stay with — jevery Ib. of stress 


50 1:56 | 


horizontal. in line wires. | horizontal. in line wires. 
10° 1'02 60° 200 | 
20 1'07 70° 2:92 mE 
30 1715 , 8o 578 
40” 1°30 | 00” оо 


When burying stay anchors, workmen very frequently put them 
down so that the stay makes a bend at the edge of the hole. When 
this is so the stay gradually straightens and lengthens in so doing when 
the ground softens, with the result that the post goes over, sometimes 
to a dangerous extent. 

Supports—The tubular posts which we use in the Telegraph 
Department known as the Hamilton’s A B C series have been 
found on the whole about the most serviceable kind to use in this 
country. They are made in 8-foot lengths, to be easy of carriage, and 
lend themselves readily to being lengthened or shortened as required. 
Their average life from our experience is well over thirty years. They 
fail first near the bottom either by rust forming between the inner 
bands and the tube bursting them or by rust forming between the 
bottom outer band and the tube bursting off the band. Both these 
faults may be guarded against by having both outer and inner bands 
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and the tubes galvanised separately before being put together. When 
this is done the post will probably last fully forty years. Being made 
of thin sheet iron they are somewhat easily dented and thereby 
seriously weakened, it is on this account necessary to protect them 
at corners and places where carts may run into them, by putting up 
old sockets or some such thing. They are specified to stand the 
following horizontal pulls near the top of the various tubes :—A tube, 
500 165.; B tube, 840 165.; C tube, 1,500 Ibs.; D tube, 2,400 lbs. ; 
E tube, 3,200 lbs.; F tube, 4,000 lbs.; G tube, 4,800 lbs. If these 
figures are plotted in a curve it will be scen that the pulls the lower 
tubes will stand are rather greater than those brought to bear on them 
by applying the specified strains to the tubes above them. This being 
50 a post will usually break in the top tube, if a strain sufficient to 
break it be applied at the top. We have never found them to break 
by crumpling up from the weight of wires on them, so that this factor 
may be neglected in calculating the number of wires they will carry. 
They fail first from lateral pressures due to wind. To ascertain 
therefore the safe load of wires for any line, we have to fix upon the 
Maximum wind pressure that the line is likely to have to resist. This 
may be fairly safely taken at 30 lbs. per square foot of flat surface, cor- 
responding to a wind velocity of 80 miles per hour approximately. This 
pressure being for flat surfaces may be multiplied by two-thirds to 
give the equivalent pressure on the cylindrical surfaces of the wires. 
Àn example will probably best show how to determine the size of post 
required to carry a given number of wires in a line with a given 
number of posts per mile. 

Example——Wanted the size of post to carry six No. o wires оп 
the top three feet of it, where the spans are 225 feet and the maximum 
wind pressures to be allowed for is 30 lbs. per square foot. 

Each post has to carry one span ; the sectional area of wires in a 
Span = 225 X 6 X ‘0277 = 374 square feet ; where "0277 15 the diameter 
in feet of the wires ; 

Wind pressure on the wires == 37'4 X 30 X 3 = 748 lbs. ; 

Our post therefore must be able to stand 748 lbs. applied near the 
top. A B-tube will stand 840 lbs., which gives hardly enough margin 
for safety, but a C-tube will stand 1,500 lbs., which gives a factor of 
safety of 2, which is ample in this case, when the strain allowed for 
is not likely to be experienced ; or if it is, at most only once or twice 
in the life of the post. We may therefore use a post with the top 
tube C, adding as many of the series as we like below to get the 
requisite height ; for as above stated the post is not weakened by so 
doing. 

This calculation is of course only rough ; but where the wind 
pressure to be allowed for cannot be accurately known, and the 
strength of the post may vary from 25 to 50 per cent. above that given 
in the table, it is quite accurate enough for practical purposes. Any 
one of an academic turn of mind may amuse himself by taking 
moments about the ground line for the different wires, and the post 
itself and equating the sum of them to the moment the post will 
Stand. It may often happen in towns that an angle post, can neither be 
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Degrees Fahr. above Minimum 


Ес. 2. 


stayed or strutted. In that case we want some way of finding what 
size of post to use to withstand the strain caused by the angle, the 
following example shows how this may be rcadily done:— 
Example.—Wanted the size of post which will support two No. о 
wires weighing 1,600 lbs. per mile each, without a stay; where the 
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line makes an angle of 15 degrees with the straight, the wires being 
at one-fourth breaking strain. 


Stress in the line wires = 1,600 x 2 x 33 = 2,645 lbs. ; construct a 


diagram as Fig. 2, where O is the post, OA, OB the directions of the 
lines, and BOC the angle, the line makes with the straight — 15 
degrees in this case. Lay off on OA, OB to scale 2,645, and construct 
the parallelogram of forces with AX parallel to OB and BX parallel 
to OA, and get OX the resultant = 700 Ibs. roughly. 

As this stress is continuous we must allow a factor of safety of 
four at least and our top tube must stand a breaking strain of 
700 X 4 == 2,800. A D-tube only stands 2,400, so we must use ап E, 
which stands 3,200 155., and as before add as many tubes below as are 
necessary to give the height required. 

OX may also be got from— 


OA Sin 15° 
OX = ECT OF осо ә 
Sin 180_— 15 
2 
_ 2,645 x 258 — Ibs 
БЕ чаш 690 Ibs. 


This is more accurate. 


TABLE OF DIPS FOR COPPER WIRE. 
Made to Post Office Specification. 


Span. Feet. | Пір. Feet. | Dip. Inches. | Span. Feet. | Dip. Feet. | Dip. Inches. 
| 

100 287 3°45 | 210 1'265 15'2 
IIO 347 4'16 | 220 1'390 166 
120 414 4°95 | 230 1'52 18:2 
130 485 5:82 | 240 1:65 200 
140 '561 6°75 | 250 179 21'5 

; 1'94 233 

2°09 25'1 

2'25 27'0 
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The Rev. Father LarowT : I should like to ask how the temperature 
of the wire is taken. I think, the air temperature will be too low, as 
a metal exposed to the sun may reach very high temperatures indeed, 
and if the wires be stretched when at these temperatures, the dip at 
night, for instance, may be considerably below the standard. A con- 
tact thermometer might be used, or better still the resistance of the 
hot wire might be tested to determine the temperature. I should like 
to know, in the cases of wires breaking when covered with snow or 
ice, if any measurements have been taken to ascertain how much of the 
stress was due to contraction by cold and how much to the extra weight 
of water. The latter cause, I think, will be found smaller than the 
first. 

Mr. J. W. Meares : The paper is one of the greatest interest in 
India where the use of aérial lines tends to become almost universal. 
I am afraid we mostly work more by rule of thumb than we 
ought to, possibly from the comparative scarcity of information to be 
obtained on the subject, though to our telegraph friends it is all 
A B C. 

One would expect the temperature of copper wire, when erected 
іп the sun, to be nearer 150° than go’. Reflection must account for 
the small rise noticed, and in the case of iron telegraph wires one 
would expect this to be almost absent, for certainly ironwork left in 
the sun becomes unbearably hot. The dip-stick method would appear 
to be applicable only to the plains; in the hills one would often need 
a bamboo several hundred feet long. I did not notice either dip-sticks 
or dynamometers in use in Calcutta when the electric light wires were 
put up, but the result has been, on the whole, very satisfactory. As 
bearing on the rusting of Hamilton's tubes on the inside, I may 
mention the similar case of open drains for water-power work. If 
galvanised after bending they last well, but to bend a piece already 
galvanised results in stripping or flaking off the zinc. It would seem 
advisable to galvanise all parts of these tubes inside and out, otherwise 
in galvanising the completed tube the inside surfaces will suffer from 
excess of pickle and lack of zinc. 

I notice that a factor of safety of two іп one case and of four in another 
has been assumed ; the Board of Trade Rules, in force here as the 
Calcutta Electric Lighting Regulations, insist on a factor of safety “for 
aérial lines at least 6, and for all other parts of the structure at least 
12, taking the maximum possible wind pressure at 50 lbs. per square 
foot," which makes the condition of electric lighting somewhat different 
from those of telegraph construction. 

Mr. M. G. Simpson: The subject of this paper is one of peculiar 
importance in India, where so far as one can see at present power 
distribution will be largely done through overhead conductors, and the 
warning given on the subject of temperature is one we should all 
do well to remember. By combining the two equations (3) and (4) 
and eliminating L we get а'== X d + (# +d?) KT. The last term 
under the root is so small we may neglect it and we have left 
а= У +3 КҮР. This is an easy formula from which to draw 
the curves given by the author. But as it has been pointed out these 
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curves do not represent the facts in so far as they take no account of Mr. 
elasticity. This was recognised by Messrs. Styan and Shields of the x DE 
Telegraph Department in Karachi, who attacked the problem from the 
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experimental side by erecting a span of 220 feet of copper wire with 
which they conducted a very careful set of experiments, the results of 
which were in close agreement with the mathematical solution of the 
problem as given by Mr. B. Hopkinson in the Elecírician of January 25, 
1901. Following Mr. Hopkinson's method I have drawn curves (Fig. A) 
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for the same spans as the author, taking elasticity into account. On 
comparing these two sets of curves we see that the effect of elasticity is 
to flatten the curves and that for moderate changes of temperature the 
difference in strain is not very great after all. The short spans suffer 
more, but not so very much more, than the longer ones. Unless I have 
made an error in my calculation it would require a fall of over 100° F. 
to increase the strain in a span of 25 yards from one-fourth to one-half 
breaking strain. 

It remains to be settled how to find out approximately the tempera- 
ture of the wire at the time of erection, if exposed to the sun’s rays. Some 
rough experiments made in Calcutta a few weeks ago showed it to be 
from 10° to 20° Е. above the shade temperature. It is certainly far below 
the sun temperature as usually recorded on a thermometer in vacuo, 
where cooling can only be effected by radiation. In the case of a wire 
in the air, however, cooling is effected both by radiation and by 
means of convection, the latter process being greatly quickened in the 
presence of a wind. Size, too, is a factor to be taken into account; a 
post is often so hot that it cannot be comfortably touched, but a 
suspended wire can always be held without discomfort. Probably the 
temperature of the wire can be got at sufficiently nearly by hanging 
an ordinary chemical thermometer in the sun. 

In the last paragraph of the paper, the formula admits of some 


simplification. We may write ОХ=2 ОА sin A or generally, if 
f= tension of the wires, and Ө = supplement of angle contained by 
the wires, the resultant tension T is given by T 2 2t sin 2. 


Mr. E. А. KENYON : Mr. Burne takes the maximum and minimum 
temperature in Calcutta as 9o? F. and 50? F. respectively, and discusses 
the dip to be given to wire to allow of contraction and expansion 
between those limits, but the maximum should, I think, certainly be 
taken as the maximum in the sun, not in the shade, and this varies 
probably on ordinary clear days from about 120? F. in the cold weather 
to about 160° or 170° in the hot, so that the range of temperature to 
be allowed for is some 110° or 120? in Calcutta, and as much as 150° 
or more in other parts of India. 

Generally speaking our wires have probably been erected at a 
temperature of 130? or 140" F., and the minimum temperature to which 
they are subjected might be taken as 40*. The wires have been 
erected at a quarter breaking strain and the dips at the minimum 
temperature would therefore work out to 100 yards span, 1 ft.; 75 
yards, 0'4 ft. ; бо yards, o'13 ft. ; 25 yards, оо17 ft. These figures, while 
bad enough, are considerably less alarming than Mr. Burne's, and go to 
show that at any rate on 100 yards and 75 yards spans copper wire can 
be pulled up to one-fourth breaking Strain and stand a range of 
temperature of 100° without fear of breaking. But they also prove that 
on spans much shorter than 75 yards it cannot safely be pulled up so 
tight. 

Copper wire gives trouble in many ways, but as long as the wire is 
sound I do not believe we have much reason to fear the effect of tem- 
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perature, and, speaking from considerable experience, I believe we may 
perfectly safely put copper wire on to the same posts as iron wire and 
pull it up to one-fourth breaking strain as we always have hitherto done. 
But when once up, at whatever dip, it is not safe to re-strain it. The 
breaks that occur in copper wire are in my experience due chiefly to 
(1) scratches or cuts in the wire ; (2) to the wire wearing away under 
the binder ; and (3) to a cold night at spots where the wire, after being 
up some years, has lately been re-strained, in which case it probably 
breaks at some point where it had formerly been bound to an insulator. 

I have never used a dip-stick ; I much prefer taking the wire off an 
intermediate post and measuring the dip between the insulator and the 
wire, which should be four times the dip in a single span. This is 
simpler and more accurate than using a stick. With copper wire, 
however, a dynamometer should always be used, with care to avoid 
jerks or excessive strain. 

It may be of interest to give the results of some tests I made to 
ascertain whether copper wire deteriorates with age. Eight pieces of 
wire were cut out of two working wires of 200 165. and 300 Ibs. per 
mile, four from each. The 200 lbs. wire had been up twelve years, the 
300 Ibs. wire six years. The average breaking strain of the 200 Ibs. wire 
was 555 lbs. as against 650 lbs. when new, and of the 300 Ibs. wire 
787 lbs. as against 950 Ibs. when new. 

Mr. G. T. W. OLVER: In regard to the question of temperatures, 
quoted on page 421, it would seem that the author means temperature 
“in the shade,” whereas it is obvious that it is the “sun temperature” 
which is required. I understand that in the Bombay Presidency the 
range of temperature during the year may be taken as 130° F. (170?-40?), 
and if a copper wire of fifty yards’ span be subjected to this range 
the result would be terrible to think of, as we are told that a fall of 
5 degrees would raise the tension to the breaking stress. Yet we know 
that copper wire does stand these large ranges. We must therefore 
conclude either that there is some factor not dealt with by the equation 
devised by Sir W. H. Preece, or that the wire must stretch enormously. 
There can be no doubt that the rope stop used in straining wires is far 
superior to any metal vice or clip, as no damage is done to the wire. It 
is known that the strength of hard-drawn copper wire is seriously 
impaired if the wire be cut or nicked, but so far we have no satisfactory 
pliers that would prevent such damage. I have been experimenting 
with different kinds of wood in trying to devise some form of wooden 
pliers, and after many attempts I have now succeeded. The principal 
difficulty was met with in preventing the wood from splitting where the 
Pin passes through the two halves. This has now been overcome іп а 
very simple manner, and the wooden pliers are now being adopted. 

The method of binding recently adopted, viz., using thick strip 
under the binder and flattening the ends of the binder, is undoubtedly 
a great improvement, as I have found a very large number of faults 
caused by the copper wire breaking under the binder at the insulator. 
The strip must, however, be bound tightly, or the line wire will run 
through it when it breaks in a span. 

I have found that in towns where neither an ee ae nor strut 
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can be fitted a strutted stay can invariably be fitted to the base of the 
post and a strut fitted to the post at a suitable height. Unless this be 
done the post will bend over with the strain of the wires long before 
the breaking strain is reached, and the post is not only unsightly, but 
the insulators are liable to slip out of the brackets. 

The heading of the table is not clear, as it is not stated at what 
temperature the line is erected. 

Mr. J. C. SHIELDS (communicated) : In his very interesting paper the 
author has been good enough to mention some experiments made by 
Мг. Н. S. Styan and myself regarding the elasticity of spans of wire. 
Some remarks on these experiments and the results arrived at may be 
of interest. Our attention was first drawn to the matter owing to the 
divergence which appeared to exist between the effects which, accord- 
ing. to the usually accepted formula, occur when the temperature of а 
span of wire is lowered, and the effects which actually occur in practice. 
It was known that the elasticity of wires (although acknowledged to be 
considerable) had not been taken into account in the formula called (4) 
in the author's paper, and we therefore determined to investigate the 
matter. Certain results which we calculated by taking the ordinary 
modulus of elasticity given in books appeared to make so startling a 
difference in the results obtained from this ordinary formula, that we at 
once came to the conclusion that something must be wrong either with 
our calculations or the modulus of elasticity. Experiments made later, 
however, showed that our results were not so far out after all. These 
experiments were made with a view to determining what length of wire 
it was necessary actually to withdraw from a span in order to reduce 
the dip by any given amount. As an example of the results obtained, 
some average figures for 220 and 50 feet spans of three of the samples 
of copper wire we tested are given in the subjoined table (p. 434). Bv 
dividing the figures in columns 6 and 7 by the temperature co-efficient 
of expansion multiplied by the length of the span in feet, the number 
of degrees decrease of temperature which would be required to reduce 
the dip from 30 to то inches, ог any of the intermediate dips given, can 
be worked out. It will be observed that the actual amount of with- 
drawal necessary to reduce the dip in a 220 feet span from 30 to 24 
inches is 0'057 feet, or a little more than double the amount (‘028 feet) 
which is due to the flattening of the catenary. It will therefore actually 
take a decrease of temperature to effect this change in dip a little more 
than double that which formula (4) of the author's paper would lead one 
to expect. As the dip decreases the difference becomes more and more 
marked. Thus, to decrease the dip from 30 to 10 inches actually requires 
a withdrawal of about “203 of a foot, whereas the difference in length of 
the two catenaries is only ‘068 feet, or less than a fourth of the above. 
To decrease the dip of a 220 feet span from 30 to 1o inches would 
therefore actually require a decrease of temperature about 44 times as 
great as the ordinary formula would lead one to expect. 

The effect of elasticity in fairly slack spans (of ordinary lengths in 
use) is therefore sufficiently large to greatly modify the effect usually 
supposed to be produced by a change of temperature, and when the 
dip gets small it is so great as almost entirely to obscure such effect as 
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would be produced if the only slack available were that which would 
result from the flattening of the catenary. This latter point is well 
illustrated by the figures given for the 50 feet span. Suppose such a 
span is erected at до?” F., and is not to be strained to more than one-third 
breaking strain when the temperature falls to 40° F., then, according to 
formula (4) of the author's paper, the dip should be ‘66 feet. This dip 
corresponds to a dip of about 13 feet in a 220 feet span and 24 fcet in a 
I00 yard span, which dips are inconveniently large. From the attached 
table it will be seen that if the wire is erected at a dip of ‘9 inches 
(corresponding to a dip of 20 inches in a 220 feet span), its elastic elon- 
gation by the time the dip has been reduced to "45 inches (corresponding 
to 12 inches on a 220 feet span) will amount to 039 — '012 = '027 Есей; 
dividing this by ‘00,000,956 х 50, we get the number of degrees required 
to produce such an alteration in length. This works out as 57°, so that 
the dip of “0 inches is really more than enough. The result of 
the wire being elastic is therefore very far from inappreciable, and 
should not, I think, be neglected. If it is, an effect is neglected which 
in ordinary spans on which copper wires are used has much more 
bearing on the result produced by a change of temperature than all the 
other considerations usually taken into account. The matter is not 
merely one of sentiment, but bears very materially on the carrying 
capacity of posts. Moreover, the tighter the wires are put up the better 
they look, Тһе effect also is one which сап easily be allowed for, as I 
think a little consideration of the matter will show. It is easier, however, 
to work backwards ; assume a given alteration in dip, and then calculate 
the temperature which would be required to effect such a change. A 
few figures obtained in this way will enable a curve to be plotted, from 
which any desired change can be at once read off. First, calculate the 
length of the catenary at each dip from the ordinary formula ; take the 
difference, and divide by the temperature co-efficient multiplied by the 
length of the span. Call this result ^7." This will give the number of 
degrees which, according to the ordinary formula, would be required 
to effect the change, but to this must be added the number of degrees 
required to counterbalance the elastic elongation. This is a very simple 
matter. When a span of wire is drawn up from one dip to another a 
definite increase in tension is caused, which can easily be calculated if 
not already known. Now the elastic elongation is proportional to the 
Stress, so the amount thereof can be obtained by multiplying the increase 
in stress by a constant. This constant for 100 155. copper wire is given 
in the table, namely, 0,000,114 feet per foot per pound. The matter 
can further be simplified when it is remembered that the effect 
produced by temperature is, like the elastic elongation, proportional to 
the length of wire. If, therefore, 1 degree decrease of temperature 
Causes a shortening of ‘00,000,956 feet it will increase the tension 
by ‘00,000,956 

"0,000,114 
for any span, to the “2” obtained above, add ‘84 (9-5); the sum will 
be the total number of degrees of temperature required to effect the 
given change in dip. The result may be set out in a formula as 
follows:— . . . г. | te на REIS 522 Ж 


—'84 lbs. This is irrespective of the length, so that, 
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, 43 
T=) _ Ж? D where “a” is a constant. 
weight of wire per mile. 
аа 
weight of wire per mile. 
100 


= for H. D. copper wire "84 x 


= for iron wire 1 x 


All other letters are same as in the paper. 

It is interesting to note that the modulus of clasticity worked out 
from figures given herein, agrees closely with the modulus for drawn 
copper wire given in Sir William Thomson's article on Elasticity in 
the Encyclopedia Britannica. The modulus given therein is 1,245 to 
1,254 X 10° grammes per square centimetre or about 17°7 to 17°85 
million pounds per square inch. Now a tension of 1 lb. on roo Ibs. 


copper wire == hie 204'I lbs. per square inch. Such a stress it has 
0049 4 per sq 


been shown produces an elongation per foot of ‘0,000,114 feet ; so that 
204'1 | ae | boas 
the modulus would be 0,000,114 = 1792 million pounds per square 
inch. Similarly some samples of iron wire tested showed that 100 Ibs, 
iron wire stretches ‘0,000,068 feet per foot per Ib. The modulus for 
I 

"0,000,068 X “00,567 
iach. Sir William Thomson gives the modulus for iron wire (common) 
as 2645 million pounds. It will therefore, I think, be quite suffi- 
ciently accurate and safe to take ordinary modulus of elasticity given 
in books, if it is desired to work out figures for spans of wire of any 
other metal than iron or H. D. copper telegraph wire. In all these 
calculations the length of wire in the span has been taken as equal to 
the distance between the supports, as the error produced by doing 
this is quite inappreciable for the spans of wire dealt with. 

I would conclude these remarks by saying that I think tension 
dynamometers are faster to work with, safer, and superior in every way 
todip-sticks ; and I hope they will be more generally adopted in India. 
Stresses are much more convenient to work with than dips ; the diffe- 
rence required to compensate for temperature, for the different spans in 
ordinary use, works out to be small; and a system of stresses which 
will be safe for all usual spans can easily be arrived at if desired The 
whole matter is one in which I am much interested, and I must thank 
the author for. bringing it forward. 

Mr. К. A. Scotr-MONCRIEFF: I have been impressed with the 
exireme care exercised by the Telegraph Department in handling 
copper wires, and I believe that a good deal of this is necessary, because 
of the stringent requirement of thc specification to which these wires 
have to conform. I am sorry that Mr. Burne has not included this 
specification in this paper to-night. The high conductivity and great 
tensile strength required under this specification, make it necessary for 
the makers to draw the wire with a soft inside and a thin coating of 
flint-hard copper on the outside. The'result of this is that, any damage 
done to the outside of the wires is done to the only strong portion, and 
therefore seriously affects the tensile strength. The smallest wire I 


such a wire would be — = 26 million lbs. per square 
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have used 15: No. 12, weighing about 160 lbs. per mile, and although 
this wire is often very badly used in erection, I have had no breakages. 
I would therefore like to know if Mr. Burne has experienced as much 
breakage amongst his 300 Ibs. wires as he has with the lighter ones. 

I question whether the dynamometers shown to-night can be 
accurately used where the distance between terminals is short. The 
native linesman makes off on the slack end of the wire, and in that way 
may let enough slack into the span to alter the tension considerably. 
Any slight movement of the head of the post would have the same 
effect. I have tried to get my men to use the linesman's vice, but have 
gone back to the rope stop and block and tackle. 

I am sorry we have no figures as to the crushing strain that the 
posts will bear. Mr. Burne has based many of his calculations on the 
use of No. o wire, which is certainly not a telegraph wire, and I 
think that although in telegraph work the crushing load may be 
neglected, it becomes an important factor when we put up, say 9, No. о 
wires оп a single line of posts. I wish to ask Mr. Burne if he has any 
knowledge from experience of the lasting properties of these tubular 
posts when made of mild steel. 

Another point which interests me very much is that of factors of 
safety. The Telegraph Department use the factor 4 in all cases, but 
the Electric Lighting Regulations require a factor of 6 for the wire and 
12 for other parts of the structure. I do not think that 4 is enough for 
electric supply work where the lines are all in towns, and the con- 
sequence of a line coming down may be serious, but I think 6 is high 
enough for all purposes. 

Mr. O. BuRNE (reply) to Mr. Kenyon.—The maximum temperature 
mentioned in my example in Calcutta is that which the wire would be 
likely to have at the time of erection. It might, of course, be much 
higher than 9o? in the middle of the day. The wire when new and 
bright will probably rarely be above 120? in Calcutta. I do not under: 
stand how Mr. Kenyon derives his dips for the various spans. If 
the temperature falls 100? after wires have been erected at one-fourth 
breaking strain, the dips would be reduced to zero if the wire did 
not stretch. Breaks are no doubt often due to scratches and accidental 
injury, but when the wire is too tight it naturally goes first at the places 
weakened by such injuries, and would in many cases not go at all if 
proper allowance were made for temperature when strainingup. Mr. 
Kenyon's method of measuring dip is only good when the ground is 
level for two spans. 

To Father Lafont.—For practical purposes the temperature of the 
wire would be pretty nearly given by an ordinary thermometer exposed 
to the sun. The temperature of the wire will vary slightly with its 
brightness or dulness. A thermometer wrapped in a helix of the wire 
itself would probably give the nearest result. Snow and ice are known 
to collect on wires both in England and Kashmere in sufficient quantities 
to break the wire by their weight alone. The wires in Kashmere have 
been coated with ice and snow to a diameter of about 4 inches. 

To Mr. Simpson.—The curves as given by Mr. Simpson which take 
the elasticity into account are better to work to than those given by me, 
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which only show the effect of temperature. The difference becomes very 
marked at the low temperatures, but not very great over the practical 
range of temperatures. The latter curves show, however, very clearly 
how much more necessary an allowance for temperature is in short 
than in long spans. 

To Mr. Meares.—The temperature of wire which is almost unbearable 
to the hand will not be much more than 120° to 130". The dip-stick 
cannot, of course, but the dynamometer can, with great advantage, be 
used in the Hills. With regard to galvanising ; we find that putting the 
posts into an alkaline bath after galvanising kills off most of the pickle 
and posts thus treated last well, even without the surfaces under the 
bands, and in seams, being galvanised. The regulations mentioned by 
Mr. Meares are, I think, well on the safe side, as they should be 
especially for light and power wires in towns, but I very much doubt if 
they are worked up to, or anything like worked up to. " 

To Mr. Scotl-Moncrieff.—Our wire is undoubtedly very liable to damage 
on account of its strength lying so much in its skin. We should do 
well, I think, to use a softer wire which would stand more rough usage. 
I am unable to say if there is any connection between the size of the 
wire and the number of breaks. The dynamometers can, I think, be 
used so as to get the dip accurately by skilled men, such as we employ 
for the purpose. The size of post which would be necessary to stand 
the wind pressure, for 9 No. o wires would be in no danger of being 
crushed by their weight. * I regret I have no experience of the lasting 
properties of mild steel posts, but am inclined to think that rust onoe 
started would eat into them more rapidly than iron ones. 

To Mr. Olver.—The temperature referred to is that of the'wire. Sir 
W. H. Preece's formula does not take account of the stretching of the 
wire, as will be found stated in Munro and Jamieson's Pocket Book 
where the formula is given. The experiments made by Messrs. Styan 
and Shields came to my knowledge when writing my paper, they were so 
carefully carried out and entailed so much labour that I did not think 
any experiments I should have time to make would be of equal value. 
They will, I hope, give us a paper on the subject themselves. With the 
protecting strip of copper now used under the binder I do not think 
there is any need for wooden pliers or tools for binding, as the binder 
itself is soft and not easily damaged. The binder with flattened 
ends is, I think, always liable to come loose ; I should prefer the ordinary 
round binder which takes a much better hold. With regard to the 
table I do not see Mr. Olver's difficulty. On page 4200f my paper it is 
stated that the dips given in the table are those the wire is to have when 
itis at its lowest tempcrature. [t is, of course not possible to say what 
this may be, except for special cases. 
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THE LIMITATIONS OF GRAPHICAL METHODS 
IN ELECTRICAL THEORY. 


By ALEXANDER RUSSELL, M.A., Member. 


It is well known that when the potential differences and the 
currents in an alternating-current network follow the harmonic law, 
then their effective values and phase differences can be represented 
by the lengths and inclinations to one another of lines drawn 
in a plane. When they do not follow this law this can only be done 
in-a few special cases. Seeing that in practice the assumption of 
a sine law is rarely justified, it is of importance to investigate mathe- 
matically in what cases we can use graphical methods, and in what 
tases they fail to represent the effective values and the phase 
differences of the various electrical quantities involved. 

The phase difference (a,.;) between two periodic quantities e, and е, 
of the same frequency is defined by the equation— 


T 
КО 
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The limitation is also made that the angle a,, is an angle lying 
between o deg. and 180 deg. In this definition T is the period of a 
complete cycle, and / is the time in seconds from the era of reckoning. 

It follows from (1) that if either c, or е, is constant, then cos а,., is 
zero, and therefore a,.; is go degrees. We must therefore represent the 
effective values of a constant quantity and a periodic function by two 
lines drawn at right angles to one another. The effective value of their 
sum is represented in magnitude and phase by the diagonal of the 
rectangle constructed on these lines as adjacent sides. Similarly, when 
both e, and е, are variable, the ordinary parallclogram construction will 
give the effective value of their sum. When, however, we have three 
periodic quantities of the same frequency, then not only is the assump- 
tion that their effective values can be represented in magnitude and 
phase by lines drawn in one plane unjustifiable, but it is necessary to 
prove that they can be represented by lines drawn in space. "This can 
be done as follows :— 

Let x, y and z be the three periodic functions, and let a, 8 and y be 
the angles of phase difference between y and z, z and x, and x and у 
respectively. If a, 8 and y can always form a solid angle, then a + 8 
+ y must not be greater than four right angles, and also no two of the 
angles must be greater than the third. 


* See The Electrician, vol. 44, p. 49. 
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From the definition of phase difference we have— 
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Divide the period T into a large number (n) of equal intervals, and 
let ¥,, 5,... X45 Yn Уз... Ун) Zu 25 · · . га be the values of the 
functions at the end of each of these intervals. 

Then from the meaning of integration we have— 

cos? а = qua Блата a 


(у + у +. у) (ae fart... + 
with corresponding values for cos 78 afd cos °y. 


Let Х == х3 + ха +... tay?  Ашу,2, +у,2, +... HI 

Х=уз+-уг +... + у, B=2,%, + 2,1, +... + 24 Хи 

2 ==25 + 2: + ... + 2,3 CSx Yy фу +... + Хун 
Then— 


соза = 


I — COS "а — COS 78 — cos?y + 2 соза cos 8 COS y 


LXYZ—XA'—YB'—ZC +2 АВС ME 
XYZ 
Now— 
X(X YZ —XA?— Y В —ZC? + 2A ВС) 
= (X Y С) (XZ — В) — (X A—C B/? 
Also— 
XY¥—C?= (r, у, — Х,У) + (а уз — Nt. . . . 55 
XZ — В = (2,2, — 72,2, + (ха 2 — 2] +. . . . (с) 
ХА--СВ-е(ғ,у,--х.)у!) (1,2, — £221) 
+ (у — у) (112, — 5,2) +. . . . (d) 
Now it is easy to show that 
(2+ у +... · ) (а + 6: + . ) is not less than 


ха+)уб+ ... y. It ҰҒЫН бы follows: from (b) (c) and (d) 
that (X Y —c) (XZ — B?)—(XA—CB)? equals zero or a positive 
quantity. Hence from (a)— 

I — COS? a — COs’? (8 — со5?у + 2 cos a cos [8 cos y 20 or a positive 
quantity. Now the trigonometrical expression can be written in the 
form 

[cos y — cos (a T8) 1 1 cos (а — 8) — cos ү}. 


Hence we see that if it vanishes, the sum of two of the angles equals 
the third or the sum of the three equals four right angles. The three 
vectors in this case are therefore in one plane. 

It may also be written in the form— 

ree LEBTI sin буја ES psi Sa ‘ery ... (9. 

By hypothesis, a, 8 and y lie between o deg. and 180 deg. As the 
expression (e) is positive, all the terms may be positive, or two of them 
may be negative, or all four of them may be negative. 

If they are all positive, then a + 8 + y is less than four right angles, 
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and also any two of the angles are together greater than the third. 
Suppose, now, that the first two terms of (c) are negative. Then 
а + 8 + y is greater than 2x, and a — 8 — y is greater than zero. 
Therefore a is greater than т, which is contrary to the hypothesis. 
Similarly, no other two terms can be negative and a fortiori the whole 
four cannot be negative. In all cases, therefore, we see that the sum 
of the three angles is not greater than four right angles, and that the 
sum of two of them is never greater than the third. Hence the three 
angles can always form a solid angle. 

We shall apply the above theorem to find graphically the effective 
value of the sum of three alternating periodic functions. Let ¢,, е, and 
e, be the three functions, and let e, be their resultant, then 


е =O, + 6, + Gy. 


Непсе V, == У, COS а,.. + У, COS a,., + V, COS a,., 
V, COS а, = V, + V, COS a,., + V, сов az., 
V, COS а,., = V, COS аз.) + V, + У, сов а,., · + + (а) 
У, COS a,., = У, COS az, + V4, COS a,., + V, 
And Му УУ ҒАЛАУ е д V, COS ay, 
+ 2 Va У, COS aag . . . 0. . . (5) 


In these equations V, is the effective value of e, and ад. is the 
phase difference between e, and ew. 


P Construct the solid 
angle at O (see fig.), so that 
the angles POQ, QOR 
and R О P equal а,., ај, 
and  a,, respectively. 
Complete the parallelo- 
piped O PQ RS and let 
OS be the diagonal. 
Then from (b) we see that 
O S equals V,. Hence 


Q from the equations (а) we 
PD “~ | see that the angles P OS, 
QO S and R O S equal 
В аз, a, and а,., respec- 
tively. We can thus ex- 
tend graphical methods to solid geometry for the case of threé variable 
quantities.' 
In this case we can show from equations (a) that 
У, NS 
Sin (as., , a4., , a4.,) z sin (ал, ar, аз) 
€ t der 3 
T sin (a,.,, a, 4, aaa) 
V, 


77 sin (а, 41,1, az) 


where sin (a, 8, у) = | I — COS’ а — COS? B — COs? у + 2 cos a cos B cos y! 


* See The Electrician, vol. 38, p. 805. 
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In the general case it is not possible to represent four periodic 
quantities of the same frequency by lines drawn in space. For 
example, suppose one of them is constant, then it would have to be 
represented by a line drawn at right angles to the other three, which 
is impossible when they form a solid angle. 

It is customary in electro-technical theory to assume that any 
number of vectors can be drawn in one plane, and so results are 
arrived at which are sometimes very far from being correct when we 
are dealing with E.M.F. and current waves which are not sine-shaped. 
It is easy to give illustrations. | 

For example, it is frequently stated that the locus of the extremity 
of the vector representing the primary current in an air-core trans- 
former is a semi-circle if we can neglect the resistance of the primary 
coil. Again a graphical proof is frequently given that a wattmeter 
which has been calibrated with direct current will read correctly with 
alternating current if the lag of the current in the ampere coil equals 
the lag of the current in the volt coil. Another erroneous theorem 
is that the power factor of a synchronous motor is unity when its 
excitation is adjusted so that the current it is taking is a minimum. 
Numerous examples could be given from the theory of polyphase 
currents where it is customary to represent the effective values of large 
numbers of periodic functions by lines drawn in one plane. This may 
sometimes be admissible as a first approximation, but it is advisable 
always to bear in mind the limitations of graphical theory, as this 
explains the various apparently anomalous results that are sometimes 
obtained in practice. 

The above conclusions are in agreement with those obtained by 
Dr. W. E. Sumpner in his paper on “Тһе Vector Properties of Alter- 
nating Currents and other Periodic Quantities"' in which he gives a 
different treatment of the problem. 


! Proceedings of the Royal Society, vol. 61, p. 465. 
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The Three Hundred and Sixty-eighth Ordinary General 
Meeting of the Institution was held at the Institution of 
Civil Engineers, Great George Street, Westminster, on 
Thursday evening, December 12th, 1901—Mr. W. E. 
LANGDON, President, in the Chair. 


The minutes of the Ordinary General Meeting held on November 
28th, 1901, were read and confirmed. 


The names of new candidates for election into the Institution 
were announced, and it was ordered that their names should be 
Suspended. 


The following transfers were announced as having been approved 
by the Council :— 


From the class of Associates to that of Members :— 
Charles Dalziel Copland. 
From the class of Associates to that of Associate Members :— 
William Eversley Hardy. 


From the class of Members of the late Northern Society of 
Electrical Engineers to the class of Associate Members :— 


J. Sambidge. 


Messrs. V. Huskisson and J. A. B. Horsley were appointed scrutineers 
of the ballot for the election of new members. 


Donations to the Library were announced as having been received 
since the last meeting from Messrs. J. Brown and E. de M. Malan, 
Associates; to the Building Fund from Mr. J. F. C. Snell, Member ; 
and to the Benevolent Fund from Mr. J. G. Wilson, Associate Member, 
to whom the thanks of the meeting were duly accorded. 

Vor. 81. 80 
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Further remarks made at this point by Professor E. Wilson on the 
subject of his paper on Aluminium Alloys, as also a vote of thanks to 
Professor Wilson, have already been reported (v. s., p. 333). 


SOME PRINCIPLES UNDERLYING THE PROFIT- 
ABLE SALE OF ELECTRICITY. 


By ARTHUR WRIGHT, Associate Member. 


As most power-station managers have now emerged 
from the trying stage of not having a sufficiency of plant 
to cope with the amount of business offered them, and 
have realised that mere largeness of revenue, of lamp con- 
nections, or of maximum annual load, do not necessarily 
imply large profits or commercial success, they are now 
devoting more time to ascertain what steps should be 
taken to encourage the continuous accession of profitable 
business, with the result that a great deal of study and 
ingenuity is being applied to the subject of this paper. 
With the object of eliciting the latest views on the subject, 
and enabling us to agree, as soon as may be, upon the final 
form to which all sound forms of electricity tariffs should 
approximate, the writer proposes to discuss some of the 
fundamental principles which underlie the whole subject 
of profitable electricity supply, and to outline a form of 
rational tariff which will be applicable to the great majority 
of electricity consumers. 

At first sight the subject seems allied rather to mere 
trading considerations than to the scientific investigation 
of electrical engineering matters, but it is easy to show that, 
unless some of the principles involved are thoroughly 
understood, the design and equipment of an electrical 
power-station might possibly be carried out on altogether 
wrong lines from an economic point of view. It is also 
probable that the financial loss incurred by a supply 
authority disregarding the Hopkinson doctrines of electrical 
costs, would completely annul all the benefits that should 
accrue from the use of the most efficient modern machinery 
and systems of distribution, the selection and management 


of which have hitherto absorbed nearly all the attention of 
electrical engineers. 
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This superiority of load-factor in improvement in re- 
ducing costs is demonstrated by the actual results at the 
Brighton Power-Station whose load-factor has been in- 
creased from 11 to 174 during the last eight years. Had 
the present load-factor existed eight years ago, the then 
total inclusive cost of supplying a unit of electricity would 
have been reduced by a larger amount than if the whole of 
the actual expenditure on coal, stores, repairs, and wages at 
the works had been saved. 

Again, the conditions determining the cost of supplying 
electricity are such as to justify the anticipation of supplying 
nearly all the interior domestic artificial lighting in a town, 
provided that a tariff based on proportionality to true costs 
Is adopted, so that instead of erecting small power-stations 
with the idea of only supplying the few best streets, the 
design, were these principles recognised, would proceed on 
the assumption of having to cater for even a larger custom 
than that of the local gas supply. 

It is also scientifically interesting to determine the laws 
which connect the reduction of costs with the improvement 
of load and diversity factors and the increase of output, as 
well as the relative importance of effecting a reduction of 
the cost by either plant economy or the selection of con- 
sumers. 

Finally, it is obvious that the lower the price at which 
electricity can be profitably sold, the greater must be the 
amount of work in store for us in the future. 


That the time is opportune for a discussion on electricity 
costs and charges will be evident when we realise the great 
confusion of ideas on the subject that at present exists as 
proved by the following dozen, out of many other, 
anomalies. In many towns the supply authorities : 


(1) Instead of attempting to standardize the tariff 
system, have as many as seven or eight bases for 
making out their consumers' accounts, and do not 
realise the muddle this will inevitably lead to when 
the consumers number thousands. 

(2) After adopting a more or less correct form of 
sliding scale of charges, deliberately destroy the 
benefits accruing from such a course by offering 


Prevalence of 
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the early closing consumers, or low load-factor 
consumers, the option of a cheaper uniform rate 
to lessen their accounts. 


(3) While willing to supply many consumers at much 


less than what must ultimately be the true cost 
price, refuse to sell to others at a price which can 
easily be shown would produce a profit of 5o 
to roo per cent. on the cost. Moreover, they 
frequently show a most pronounced reluctance to 
do anything which will discourage the consump- 
tion by hopelessly unprofitable consumers. 


(4) Are willing to lower the initial price chargeable per 


unit in the sliding scale, under the erroneous belief 
that they are thereby benefiting the average con- 
sumer, whereas it can be shown that this is the 
most unlikely way of doing so. 


(5) While eager to run their mains in the rich resi- 


dential districts, hesitate to supply the shopping 
thoroughfares of the poorer classes, which are 
generally a more profitable field. 


(6) Give discounts based purely on the quantity of 


electricity consumed, irrespective of load-factor. 


(7) Actually discourage the installation of any but con- 


stantly used lamps, by giving discounts on the 
basis of the load-factor of the connected lamps 
instead of on the actual demand. 


(8) Discourage the use of lamps, and thereby the 


employment of their own capital, during the time 
most people require light by quoting a high 
evening rate, and a low day rate. 


(9) Agree to an abnormally low initial price per unit 


being fixed for a power distribution scheme, inde- 
pendent of the power-factor of the supply, or of 
the cost of distributing the energy. 


(10) Adopt a fixed price per unit for public lighting, 


irrespective of the number of hours per annum 
during which such a supply is required. 


(11) Hope that by making the price uniform and low 


enough the supply will become so rapidly universal 
that all necessity for a sliding scale of charges will 
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disappear, forgetting that the mere size of a 
business will never alter the fact that the standing- 
by cost of supplying a 6 per cent. load-factor con- 
sumer during the usual lighting hours will always 
be five times that of a 30 per cent. load-factor 
consumer. 


(12) Believe that in any case nothing should be done 
to displease the large early closing consumers, who 
they assume will always be the mainstay of the 
business, because their custom was so early forth- 
coming. 


This curious state of affairs cannot be due to apathy, to 
over-prosperity, or to sound reasons of expediency on the 
part of the supply authorities, as it is only fair to suppose 
that they are possessed of too much common sense to allow 
such causes to interfere with the natural desire to trade on 
ordinary sound commercial lines, so there seems no alterna- 
tive but to assume that the reason is to be found in either 
their scepticism as to the soundness of the Hopkinson 
doctrines, in their incomplete grasp of them, or in their 
fear of displeasing their early-closing constituents. 


Although there is a danger of a lengthy investigation of 
the subject creating an exaggerated idea of its complexity, 
the writer proposes to recapitulate a part of what has already 
been written, in order that the matter shall be now presented 
in as complete a form as possible. 


It is obvious that before methods of charging for elec- 
trical energy can be properly examined, some approximate 
idea of the cost of generating and distributing it under 
varying conditions must be obtained, and no excuse is 
needed for going rather deeply into this part of the subject. 


As is well known, Dr. Hopkinson first enunciated the 


correct method of determining the cost of supplying elec- 
tricity in bulk from a power-station under varying condi- 
tions, and Professor Kennedy soon afterwards suggested a 
method by which the cost of supplying the great majority 
of electricity consumers individually could be approxi- 
mately arrived at. 
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Following generally the lines laid down by these two 
authorities, the writer proposes to examine the problem as 
it exists to-day, modified by the realisation of the important 
effect in reducing costs of what is now termed the diversity 
factor of different classes of consumers, and of the magni- 
tude of business. 

As a comparatively simple method can be used for 
approximately determining the cost of supplying nearly 
go per cent. of the consumers of most electric supply 
undertakings, the writer trusts that his attempts further to 
develop our views so as to cover most of the remaining 
Io per cent. will not intensify the general impression that 
as the whole subject is such an extremely difficult one, the 
only practical course is to consider the tariff on the basis of 
average rather than on individual costs. 


The cost of supplying electrical energy from a power- 
station can generally be separated into two very clearly 
defined groups, viz :— 


A. The cost of getting ready to supply and distribute 
energy. 

B. The actual cost of continuing to do so. These two 
groups the writer will call, for convenience, 
Preparation and Production Costs respectively. 


The Preparation Costs may be divided into three sub- 
divisions : 


(1) The annual cost of the initial capital required to 
start the undertaking, or the Preliminary or 
Formation Expenses. This has generally no very 
definite relation to the amount of business 
expected to be done. As the business grows, the 
annual charge to individual consumers to cover 
this item of expenditure most obviously rapidly 
diminish. 

(2) The annual cost of having to provide and maintain 
the plant and mains in a condition ready to supply 
and distribute electricity. These Standing-by Costs 
vary roughly with the annual maximum load to be 
provided for. 
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(3) The cost of maintaining the necessary service 
lines, meters, and attending to consumers’ 
accounts, and complaints, and of collecting the 
revenue. These Service Costs are roughly propor- 
tional to the number of consumers. 


The Production Costs or the costs of continuing to pro- 
duce and deliver electricity to the consumer, are those 
which actually vary with the amount of electricity dis- 
tributed from a given power-station and set of mains. 
The production cost per unit sold may be defined as the 
increment of expenditure incurred by making a given set of 
plant and mains supply an extra unit of electricity. It can 
only consist of the following items :— 


(1) The inclusive cost of fuel necessary to produce and 
deliver this extra unit of electricity to the con- 
sumer's premises. 

(2) The cost of the fuel necessary to keep the steam 
dynamos running longer per day. 

(3) The cost of the extra water and oil used, owing 
to the longer run of the plant and the greater 
amount of energy supplied. 

(4) Possibly some extra wages cost due to stokers and 
engine attendants having to work slightly longer 
per day. 

(5) The cost of that extra wear and tear of part of the 
plant, which is solely dueto the continued running. 


As the writer wishes to lay particular stress on the 
relative smallness of the production costs to those of 
preparation in most electric supply businesses, it is 
perhaps wise to discuss one or two of the many methods 
for determining their approximate values for any completed 
power-station which, the writer will assume, has reached 
the steady extension stage when additional plant and mains 
have to be put down year by year to meet the increasing 
business. 

The value of the first four items and their total cost per 
unit delivered to the consumer can be roughly determined 
by noting the respective amounts spent on each item during 
two periods of equal length, such as a month or a quarter 


Definition of the 
Production Cost 
per unit. 


Items consti- 
tuting the Pro- 
duction Costs. 


Methods of 
determining the 
Production and 


Gots 


450 WRIGHT: SOME PRINCIPLES UNDERLYING (Фес. 12th, 


ЗНИЛТИТІРЛІПЫ 
АДАД 
МАДА ДЦ 
АДАД 
ЕШШ 
Ц 
MELEE T] 
i ШП 
ИШ 


DIAGRAM 1.—Моп у Sales of Electricity in Brighton in 1900. 
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which, having approximately the same maximum load, 
differ considerably in their respective sales of electricity. 
The difference of the costs of these items for the two said 
periods, divided by the difference of the respective sales, 
will give the average production costs per unit sold. In 
most towns in spring or autumn, two days can be found 
which will afford a similar opportunity : for instance, the 
comparison of an early closing night's costs and sales 
with those of a late closing night's costs and sales, or 
those of a bright with a foggy day's results will do. If 


the difference in costs and sales are sufficiently large to. 


render possible errors in taking the measurements of coal, 
water, and stores negligible, and the respective maximum 
loads require the same number of engines and boilers to be 
used on the two occasions, a fairly reliable result will be 
obtainable. 

Perhaps one of the best graphical and most reliable 
methods of determining the preparation and production 
groups of costs, is that shown on diagram No. 1 applied 
to the Brighton Power-Station results of 190o, where the 
total monthly costs of coal, stores, and labour in the 
undertaking during the different months are plotted in 
relation to the varying sales of electricity in these months, 
the two halves of the year being, for convenience, plotted 
on opposite sides of the zero sales line. It will be fairly 
obvious that a straight line run through these monthly costs 
and extended to meet the zero sales line will cut this at a 
height representing approximately the average total monthly 
preparation costs on these three items of coal, stores, and 
labour for each of the two half years. The difference 
between any month's expenditure on these three accounts 
and this total, divided by the number of units sold in that 
month, will give the average cost per unit of continuing 
to produce electricity during each of the half years, with the 
omission of the cost of repairs due to continued production, 
which, being of a cumulative nature extending over years, 
has to be separately estimated. 

As to the most correct method for determining the cost 
of plant repairs on production account there may be con- 
siderable doubt, but as they generally form only a very 
small proportion of the total plant repairs, and merely 
include the cost of renewing those parts of the plant which 
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are worn out through continuing to supply as distinguished 
from continuing to be ready to supply and consist of such 
items as extra boiler cleaning, re-boring of cylinders, repairs 
of pumps, brasses, dynamo brushes and commutators, the 
writer thinks he is on the safe side when he suggests this 
item should be taken to be equal to half the total cost of 
repairs to plant during the last three or four years, divided 
by the number of units sold during that period. 


If station managers were to determine by some such 


method the actual production costs, many would be 


surprised at the smallness of the figure. From the writer's 
experience, he finds that the only items of cost that are 
appreciably increased by continuing to produce electricity 
from a given plant for another hour or so are those for fuel 
and water, and that in the usual power-station neither the 
cost of stores, labour, or repairs are measurably affected 
by thus prolonging the running hours of the plant. This 
is probably due to the cost of these items depending chiefly 
on the number of engines, boilers, and steam pipes that 
have to be put in commission to meet the day’s maximum 
load, and not on the number of units the plant has produced. 
It will be remembered that Dr. Hopkinson’s original esti- 
mate of the total production costs in a power-station in the 
Midlands, with coal at ros. per ton having presumably a 
calorific value of about 11,000 B.T.U., was a third of a 


penny. 


Having arrived at the approximate value of the total 
production cost per unit delivered to the consumer, taken 
over a complete year, the analysis of the debit side of the 
revenue account of an electric supply undertaking can 
now be completed. 

If the production cost multiplied by the total number of 
units sold be deducted from the whole of the charges on the 
debit side of the revenue account, the total preparation 
charges will remain. 

From the total preparation costs must now be deducted 
the service costs which can be separated without much 
difficulty, leaving the total standing-by cost of keeping the 
complete system in a state of readiness to supply electricity 
whenever it is required. If this be divided by the mean of 
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the last two years’ maximum loads lasting half an hour on 
the distributing mains, the annual standing-by costs per 
kilowatt demanded (off the mains) will be obtained. 

That it is proper to take the mean of the last two-years’ 
maximum loads in determining the standing-by costs will 
be seen when it is remembered that in an expanding business 
such as that of electrical supply, the plant and mains 
actually laid down at the end of any year have not probably 
been available for supply purposes during the whole of that 
year. 

As the revenue is derived from electricity taken from the 
distributing mains, it is the maximum load taken from these 
and not from the power-station which is the true factor in 
determining the annual cost per kilowatt supplied to the 
body of consumers as a whole. In the matter of loss in 
distribution which 1s here involved, it is interesting to note 
that the fuel consumed in magnetising transformers is in 
practice purely a standing-by loss, and that the losses due 
to copper resistance of transformers and of feeders and 
mains form a production cost which has to be allowed for 
in their calculation. The graphical method above described, 
however, automatically differentiates sufficiently for practi- 
cal purposes between all such kinds of preparation and 
production costs. 

In the item of preparation, the bare cost of money must 
be included, just as much as the cost of superintendence, 
repairs of buildings, of mains, etc. The cost of money 
may be taken to be that minimum rate of interest which 
business men insist upon getting for its use, added to the 
amount which has to be put aside annually for the 
redemption of the capital or ultimate renewal of the plant 
and mains. A capitalist would probably be justified in 
saying that he would be losing money if he did not at least 
receive annually 3 per -cent. on his investment for interest, 
and 2% per cent. for redemption or antiquation of plant 
from the time he put his money into the undertaking, and 
in all probability, until electrical undertakings are looked 
upon with the same confidence and treated by Parliament 
on the same equitable lines as railways, gas or waterworks 
undertakings, the average capitalist will require an additional 
13 per cent. for money loaned to companies to provide for 
the many disabilities with which it has been seen fit to 
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embarrass the infancy of our industry. A capitalist, in the 
writer's opinion, would not be justified in stipulating that 
beyond paying for all repairs out of revenue and the creation 
of an adequate redemption or antiquation fund, a further 
provision for depreciation and reserve fund should be debited 
to the revenue account, as these extra provisions ought to 
be provided out of the profits when the undertaking has 
emerged from the struggle incidental to its early years. 


Recapitulating, we can now place all the items on the 
debit side of the revenue account into their proper divisions, 
viz. : 


(1) The total.cost of producing the units of electricity con- 
sisting of fuel, stores, and running repairs of plant. 

(2) The total inclusive cost of preparing for the supply 
of electricity, consisting of standing-by fuel, stores, 
labour, salaries, standing-by repairs of plant, and 
all other repairs such as those to mains, buildings, 
etc., management, office expenses, insurance, taxes, 
etc. The cost of money, consisting of 3 per cent. 
or 44 per cent. interest on the whole of the capital, 
less house service capital, and say 24 per cent. for 
redemption of capital or antiquation of plant. 

(3) The service costs, consisting of interest on the cost 
of laying on the house services, the maintenance 
and cost of reading meters, wages of collectors 
and consumers' clerks, and repairs of meters and 
other house-service apparatus. 


There is one other item of charge which has to be met 
by the revenue, viz., the loss unhappily incurred in this 
country in being compelled for various reasons to supply 
some consumers at less than the actual cost of supplying 
them. This loss, which in many stations is a very heavy 
one, must be debited against the revenue account. 


Although we can thus obtain a fairly accurate analysis of 
the various items making up the cost of supplying electricity 
as a whole from the mains, yet before a true profit and loss 
account can be prepared, we must determine the cost of 
supplying the individual consumers, and to do this, many 
further considerations have to be taken into account. 
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In the first place, how should the standing-by charges be 

divided among the consumers having widely varying re- 
quirements as to the amount of plant and mains required 
for their individual service ? 

The writer thinks most power-station engineers will now 
agree that it is fair to debit each consumer with the same 
proportion of the total standing-by charges, as the amount 
of plant required for his supply during the evenings of the 
winter months when the station experiences its annual 
maximum load, bears to that which would be required to 
supply the consumers should they all make their maximum 
demands simultaneously. 

As to the most practical method of determining the 
amount of plant, etc., so required by each consumer, there 
are many opinions. 

Theoretically the best way of determining this data is no 
doubt some means by which every consumer's daily load 
curve can be taken and studied, but as this is commercially 
impossible, the writer is convinced that the next best way is 
to follow Professor Kennedy's suggestion of supplying each 
consumer with a maximum demand indicator and to make 
its rate of recording sufficiently sluggish to prevent the 
registration of any call for current for only a few minutes’ 
duration. In a purely lighting business, the majority of the 
consumers will make their maximum call for plant during 
the two or three hours in the winter days during which 
the whole of the plant is most heavily loaded, so that by 
taking the mean of the six winter months’ maximum records 
50 measured, a fairly accurate estimate of the proportion of 
the total plant required by each consumer can be obtained. 

Another consideration is, how should proper allowance 
be given for the well-recognised fact that all consumers do 
not make their maximum demand for current during the 
same hours of the tvening? А fair allowance for this 
general diversity in the use of the plant and feeders is best 
made by dividing the annual standing-by costs per kilowatt 
demanded off the mains by the ratio of the total of the con- 
sumers’ individual demands in kilowatts during the month 
of maximum load, to the maximum load taken off the 
distributing mains in that month, and debiting each kilowatt 
demanded by the consumer at this new rate. The above 
ratio, which has obviously a most important effect in re- 
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ducing the preparation costs per kilowatt demanded by the 
consumers, may in a general lighting business be as high 
as 14, and in a motive power supply business the particular 
diversity factor among the motors can be much higher. 
For the purpose of clearness we will take an example in 
figures. Supposing the sum of all the consumers' December 
demands has been 1,500 kilowatts and the maximum coinci- 
dental demand off the mains has been 1,000 kilowatts, then 
the diversity factor is 13, and in apportioning the total of 
the standing-by costs among the consumers it must be 
divided by the 1,500 kilowatts to obtain the true standing-by 
cost per kilowatt. The case of a power-station supplying 
both the business and residential districts of a town will 
illustrate the importance of the general diversity factor. As 
two such districts would probably not make their maximum 
demands simultaneously, the total amount of plant required 
would be considerably less than that necessary for the sum 
of their demands. 


In the third place, how much, if any, should those con- 
sumers, who, by reason of their never making a demand for 
current at the time the station’s maximum load is on, and 
who therefore do not necessitate the supply authority 
putting down extra plant and feeders for their supply be 
debited for standing-by charges? This is surely a case of 
determining the cost of a by-product, and the writer thinks 
it ought not to be treated as costing anything except on 
account of production and special service costs, and is fairly 
met by offering such consumers (who usually only form a 
very small proportion of the total number) the option of 
renting a time switch which will put the demand indicator 
only in circuit during the hours the station plant is heavily 
loaded with the lighting business. It may be argued that it 
is hardly fair to use other consumers’ plant without giving 
them some allowance, as a case might happen when the day 
load might exceed the winter lighting peak, as has already 
resulted in Montreal from the energetic efforts of Mr. Brown 
and his staff to get a big day load for his water power-station, 
but any one visiting Montreal will be convinced that the 
above result, though startling, is neither the normal nor final 
state of the electrical supply business in that city, and is due 
to the temporary neglect of the profitable field of private 
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lighting, which part of the business in Montreal is apparently 
negligible at present. So much profitable business can be 
done by the night supply of electricity for artificial lighting 
in the majority of cities, as to always ensure very much 
larger plant and copper being required for this load than 
for one of power to be only used in the daytime ; hence 
the writer feels that the night users of the investment ought 
to be debited with all the standing-by costs, as it is their 
load which renders the expenditure necessary. 


Again, how can due allowance be made to consumers, 
the intermittent or momentary character of whose use of 
electricity requires special consideration on the ground 
of such a class having necessarily a very much_ higher 
diversity factor among themselves than that of consumers 
whose demand for current is fairly constant during the 
evening from dusk until their closing time? This con- 
sideration applies as much to the users of electricity for 
motive power and heating purposes as it does to the lighting 
of the occasionally used rooms of private residences, hotels, 
etc. The standing-by costs per kilowatt of supplying this 
Class of user is as much less than that of the equal 
load factor regular consumer as the class diversity factor 
of the former is greater than that of the latter class, and a 
very fair idea of the proper amount of plant required 
to supply them in the aggregate can be obtained by 
measuring their demands by indicators designed to have a 
sluggishness of registration such that any load or increase 
of load has to be maintained for at least an hour to be fully 
registered and that if maintained for any less period the 
registration will be less. The use of sluggish demand 
indicators for all classes of consumers will automatically 
allow to the intermittent light and power users the dis- 
count they are entitled to on account of the probable large 
diversity factor of such classes, and at the same time will 
register the true demand of all longer maintained loads. It is 
probably safe to assume that the class diversity factor of any 
large body of consumers will be roughly proportional to the 
shortness of the time during which they maintain their maxi- 
mum demands, and it 15 an interesting problem in the theory 
of probabilities to determine the proper amount of discount 
to give on account of shortness of.duration of demand. 
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It may at first sight appear that this method of employing 
sluggish demand indicators for the purpose of automatically 
giving a lower rate to intermittent consumers will also 
benefit the most undesirable class of consumer, such as the 
occupants of early closing offices, who might only require a 
supply for one or two months in the year and then possibly 
only for, say, half an hour at a time, and whose diversity factor 
cannot certainly be greater than unity. On further considera- 
tion, however, it will be seen that the standing-by cost of the 
supply of electricity to the very small minority of consumers 
who never use their maximum demand for more than half an 
hour at a time can be made so small by the use of a storage 
battery charged during the day-time, as to mitigate the rigid 
application of the usual Hopkinson Law of Costs to this 
class ; in fact, a storage battery reduces the conditions of 
supply to such consumers to conditions more or less similar 
to those governing ordinary gas supply, in which the effect 
of the load-factor on costs is small, and it is quite probable 
that the inclusive cost per unit to such lighting consumers 
can be considerably reduced by this means. There are, in 
fact, a limited number of consumers the nature of whose 
demand is within the economic capabilities of a storage 
battery, and we may consider them to the above extent. 


Before going into the question of deciding the best form 
of tariff to adopt, the following notes on comparison of 
financial results may be useful :— 


(1) It will be evident that only comparisons of the 
standing-by costs based on yearly results are useful, 
and should be made on the basis of their relation 
to the mean maximum load in kilowatts we may 
expect to have to meet in the year in question. 

(2) As most of the production costs can be determined 
after two or three months' or quarters' readings are 
available, monthly comparisons of them are then 
possible on the basis of units sold, and calculations 
can be based upon a constant price and an average 
quality of coal. 

(3) Comparison of service costs must be made on the 
basis of the number of consumers connected, and 
can be compared monthly, quarterly, or annually, 
as desired. 
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(4) The cost of plant repairs, being of a cumulative 
nature, can only be compared after three or four 
years' results are available. 

(5) Capital costs, being roughly in proportion to the 
maximum load provided for, the length of streets 
supplied with distributing mains, and the number 
of consumers connected, cannot be properly calcu- 
lated solely on the basis either of units sold or on 
the maximum load in kilowatts with which they 
have no simple relation. 

(6) Undertakings with similar load-factors and outputs 
cannot be properly compared unless the general 
diversity factors are assumed to be the same. As 
an example, no proper comparison can be made 
between the returns of an electrical undertaking 
supplying the business portion of a city, where the 
diversity factor may be as low as unity, with 
another undertaking supplying the residential por- 
tions where the diversity factor may be higher than 
I'5, notwithstanding the possible equality of the 
load-factors at the power-stations. 

(7) Comparisons cannot be fairly made between elec- 
tricity supply undertakings owned respectively by 
municipalities and companies. In the former case, 
no proper charge is generally made for Town Hall 
expenses, legal assistance and the Borough Sur- 
veyor's services, or for those of the members of the 
Electricity Committee, who act in the same capacity 
as company directors, and although municipal 
electrical undertakings have frequently to put up 
with troublesome labour clauses in their specifica- 
tions, have to alter their charges to please prominent 
constituents, and to suffer from the frequent changes 
of management generally inseparable from muni- 
cipal ownership, they are not burdened to nearly 
the same extent as commercial companies in the 
way of street works costs, raising of capital, or in 
the delays consequent on service of statutory 
notices. | 


The writer wishes to lay particular stress on the futility 


of comparing anything but annual results in the matter, of 
Vor. 81. 81 
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preparation. costs, revenue returns, and load curves, and 
invites attention to the form of monthly return cards shown 
in Diagram II. he has adopted in the supply undertakings 
he is connected with, also to the method of plotting the 
annual load curve of a power station such as that shown 
in the diagram for the Brighton results in 1895 and 1900, 
and for the past year at the Stepney Electricity Works in 
Diagram ІП. This form of plotting the station working 15, 
in his opinion, the most useful form station managers can 
employ. It is obtained by mechanically adding together 
the number of hours during which any given load from 
the distributing mains has been supplied during the year. 

From such a curve, with suitable scales, can be deter- 
mined various useful data, among which are :— 


(1) The load-factor at which any proportion of the total 
plant has been used. This is equal to the abscissa 
at the given load. 

(2) The relative importance of the production costs to 
the preparation costs for any given load. This is 
shown by the ratio of the abscissa to a given 
ordinate. 

(3) The total cost of producing electricity at any given 
load. This is proportional to the sum of the 
abscissa and the ordinate. 

(4) The number of units sold annually at a given load. 
This is equal to the abscissa multiplied by the 
ordinate. 

(5) The maximum losses economically allowable i in the 
feeders. 

(6) Only from such a curve can be determined what 
proportion of the plant should be supplied with 
full equipment ot coal-saving apparatus, such as 
condensers, economisers, etc. 


Unless some idea of the form of this annual load curve 
is known, it is quite possible for an electricity undertaking 
to be laid out on wrong lines. It must be obvious that all 
the peak of a curve should be supplied from plant put down, 
having in view rather the lowness of capital costs, of stand- 
ing-by coal, and the small amount of labour required, 
consistent with thorough reliability of service, than economy 
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in coal on production account. As the Brighton curve 
represents the general lighting business which may be 
expected in an average English town, the exceedingly poor 
load-factor of more than half the capital in such businesses 
becomes apparent from its study. 


ANALYSIS OF CHARGES TO REVENUE ACCOUNT OF THE 
BRIGHTON ELECTRICITY UNDERTAKING IN 1900. 
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From the accompanying analysis of last year’s Brighton 
results, it will be seen that nearly half as much coal was 
used in keeping the plant in a positiọn to supply as was 
used in actually producing the current, although the average 
cost of coal per unit was only °72d., a very moderate figure 
considering that the price paid was over 25s. per ton. 
From this fact may be inferred how important it is to 
study carefully the best means for reducing the heavy 
stand-by coal losses in the case of a lighting supply plant, 
and the danger in assuming that the whole of the coal bill is 
due to the actual production of electricity. 

From the same analysis it will also be seen that the bare 
cost of supplying any one individual consumer in Brighton 
with electricity in the particular year under study was 
£9 13s. 4d. per kilowatt, or 6s. 2d. per 32-watt lamp, 
demanded by the consumer, апа “ба. per unit consumed, 
plus the service cost, which ought to have been covered, 
but was not half covered by the meter rental. 

A Profit and Loss Account, embodying the above 
principles drawn up in a complete form, is shown for the 
Brighton results in 1900. 

The writer will have entirely failed in his endeavour to 
put the case clearly unless he has shown that the undertaking 
does incur a real loss by selling electricity, under the assumed 
conditions of the supply to the majority, at less than the 
equivalent of the combined two charges of standing-by and 
production, which, turned into the cost per unit sold, work 
out for the Brighton Station as shown on the accompanying 
table and curve IV. of the cost per unit for electricity used 
under varying load factors. This table and curve has been 
obtained by dividing the above mentioned £9 13s. 4d. per 
kilowatt demanded, by the number of hours of use in the 
year and adding to it the production cost. Thecurve shows 
graphically the rapid reduction in total costs due to a 
lengthened use of the plant, and the sloping line on the same 
sheet shows how slowly the total cost of supplying a con- 
sumer with a given demand increases with the number of 
hours in the year he uses the same. 

It is interesting to note that the cost of producing and 
supplying double the quantity of electricity to that actually 
sold in 1900 from the same plant would only have in- 
creased the charges to the Revenue account by 174 per cent. 
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In order to determine how cheaply electricity can be 
supplied in other towns, the writer has analysed on the 
foregoing principles the results of one of the most economi- 
cally run municipal electrical undertakings, viz., that of 
Nottingham, for the year ending March, 19oo, and assuming, 
for want of proper data, the diversity factor and price of 
coal shown, he has calculated the load factor curve of costs. 
The curve V. exhibited shows how the actual tariff favours 
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DIAGRAM IV. 


the early closing community to the disadvantage of the 
profitable later closing classes. From the curves can be 
seen what might have been the correct form of tariff, also 
the number of hours use of each consumer’s demand which 
must be paid for at eightpence per unit in order to recoup 
the supply authorities’ out-of-pocket expenditure. It will 
be seen that electricity cannot be supplied without actual 
loss at less than 5}d. per unit to the class who only use 


THE PROFITABLE SALE OF ELECTRICITY. 467 


1901. ] 


1920р pvoy X 2 FL. 
bor» 


СЕГЕ "NE 


ғ“ 
` 
S 
3 
~ 
E 


“А RVNOVIQq 
*uoj Jad “Сі = (ЕО) jo 1505 ( €.1 = 1018y Анвоәла 


Ke 77, “ај мора ps ^D =. 
» | »° 


Bu 2 VERE SEO звала рулу) 


| 


i= - Le 


9%00%----- 


| 


a 
КЕК 
“ 


% 
А 
Qc 


\ a 
a ~ x 
4 


T 
4% 
м 
d 


1 
E 


The difficulty of 

avoiding making 

a loss on the 

supply to the 

very small 

Load Factor 
nsumer 


England. 


The possibility 


ing 
which will fairly 
deal with all 


468 WRIGHT: SOME PRINCIPLES UNDERLYING [Dec. 12th, 


their demand 365 hours, or say, have a 4 per cent. load 


factor, and that under the tariff adopted of 4d. for 400 hours 
and 2d. afterwards, the three-hour consumer actually was 
made to pay 12 per cent. more than his fair share of the 
charges, and the one-hour consumer obtained his electricity 
at less than 70 per cent. of its cost. 

The losses made on the supply to the small load factor 
consumers are owing to our having to contend with the 
persistent but erroneous impression that the cost of supply- 
ing electricity is in some very near proportion to the amount 
consumed, as 1s the case with candles, petroleum, and gas, and 
such are the influences at work that it now seems hopeless, 
in some districts, entirely to resist the demand for electricity 
charges being based on the units consumed instead of on 
the commercially sound principle of a charge compounded 
of kilowatts demanded and units consumed. 


Having now detailed the method of determining the cost 
of supplying nearly every class of electricity consumer met 
with in practice, no matter how varied their load or diversity 
factors, it remains to be seen whether one tariff can be 
devised which will fairly meet all varieties of electricity 
consumers, and at the same time be in a form best calcu- 
lated to increase the profitable sale of electricity in the 
shortest possible time. The latter is, or ought to be, the 
common object of Companies as well as of Municipalities, 
although their respective ideas as to the amount of profit to 
be made, and the methods of effecting this object, may differ 
considerably in each case. 


It is now becoming generally recognised that the chief 
aim of municipality supply managers should be to ensure 
the general use of electricity among all classes of ratepayers, 
consistent with making a sufhcient margin to cover con- 
tingencies, whereas the only aim of a company 15 the annual 
return to the shareholders of as large a percentage on their 
investment as possible, consistent with the proper discharge 
of their obligations. However divergent these two aims may 
at first sight appear, on further study it will be found that 
owing to the special conditions governing the cost of supply- 
ing electricity above described, the real aim of both classes 
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of supply authorities should be to obtain the custom of the 
middle class small householder and shopkeeper. 

The poorer householders in a town are so much more 
regularly at home and make their purchases so much later 
in the evening that the lighting of their districts offers a much 
better load factor for the supply authorities’ capital than that 
of the richer classes, who are frequently away from home, 
and do most of their shopping before dusk. Again, the 
number of artificial light users is so much greater per square 
mile in the poorer districts of a town as far more than to 
counterbalance the extra cost per lamp of connecting their 
smaller premises to the distributing main. 


It must be noted that whilst there is generally no diff- 
culty in finding customers among the richer classes for the 
electric light, owing to its greater convenience, the obtaining 
of the custom of the bulk of the community must always 
depend largely upon the fixing of a low average price, which 
may be seriously hindered by the adoption of a wrong tariff. 
The supply to the many small householders and poorer 
shop-keepers in any town must therefore be the first con- 
Ssideration in determining upon a system of charge; по 
Steps should be taken which will raise the cost to this class 
above what is necessary to provide for a fair share of the 
ultimate net profit and of the reserve fund. 

A study of the curves of costs will demonstrate that 
electricity can be profitably supplied to the class of con- 
sumers who use their lamps on the average three or four 
hours per day throughout the year at a sufficiently low price 
to make it in many cases cheaper than that of gas, as 
generally used by them. It is fortunate, therefore, for the 
future of our industry that the great majority of artificial 
light users belong to such a class, although the majority of 
present consumers of electricity do not belong to it. This 
IS due to :— 


(1) The natural effect of the various imperfect systems 
of tariff until recently in vogue in many towns. 

(2) The practice of only running distributing mains in 
the parts of a town where the wealthier inhabitants 
reside or do their shopping. : 

(3) The initial cost of wiring, and the present legal 
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inability of municipalities, and the unwillingness 
of supply companies, to assist in this matter. 


There can be no doubt that if supply authorities were to 
provide the interior wiring (on the principle of the hire 
purchase system) and adopt a form of tariff which charged 
the small load factor consumer with at least the bare cost of 
supplying him, and which represented a modest scale of 
profits, even although it should be negative or negligible 
during the first two or three years, the inclusive charge for 
supplying the electric light to the average artificial light user 
could be made low enough to defy the competition of gas. 


The four curves, Nos. VI., VII. and VIII., IX., derived 
from the results obtained at Brighton, where distributing 
mains have been very freely run, will prove the correctness 
of the above assertion as to therelation of low cost and rapid 
extension of business among consumers who form the bulk 
of the middle-class community. The first two curves show 
how the standing-by, the production and the average costs 
per unit were reduced as the total demand for the supply 
increased, and the effect of the persistent encouragement of 
good-load factor consumers in improving the power station’s 
load factor. The third curve shows the marked effect of a 
reduction in price on the increase of business, and the other 
curve shows at what rate per 16 c.p. lamp per annum and per 
unit electricity can be supplied to even a small five-light 
installation, to include the use of wiring and all house service 
charges. From the last curve, it will be seen that small 
premises, which, on the average, require the use of artificial 
light for three hours per day, or say until 9 p.m. throughout 
the year, can be wired and profitably supplied with electri- 
city at a lower price per candle power than can be done with 
gas as generally used on such premises. 

It remains then to consider whether this large class of 
possible consumers can be most quickly secured by adhering 
to the plain flat rate of charge, or by adopting a tariff 
in which the charges to all classes of consumers follow 
approximately the cost of supplying them individually. 
That is to say, whether the custom of the middle and 
poorer classes can be more rapidly obtained by means of 
a rate dependent entirely on the quantity consumed, as in 
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the case of gas, or by means of a system of charge which, 
though less simple, enables the average user to obtain a 
service at a lessened annual charge, as in the case of the 
modern telephone charges. In other words, will the 
majority be more attracted by simplicity of charge, or by 
low annual cost, since it is easy to show that these deside- 
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rata cannot both be obtained by the same tariff. We must 
bear in mind that the popularity of the form of tariff does 
not necessarily imply the popularity of the service given. 

A uniform price to all classes involves the long hour 
consumer paying for the loss made on the short hour 
consumer, thus making the price to the long hour class 
higher than it otherwise need be. It follows that a uniform 
charge per unit means a higher price to those who use the 
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electric light for three or four hours, than does an equitable 
differential tariff. This taxing of the good-load factor con- 
sumer for the benefit of the bad one must encourage the 
latter and seriously discourage the former, which obviously 
implies an unnecessarily poor-load factor for the whole under- 
taking, which in turn raises the average cost. A uniform 
charge, therefore, keeps the cost and charges to the majority 
of possible consumers unnecessarily high, and it keeps the 
business and load factor of the supply authority unneces- 
sarily low. 
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DIAGRAM VII. 


The bad effects of the flat rate system are further 
accentuated by the custom of working it in conjunction 
with a system of discounts to large annual consumers, 
without any reference to their profitability, based on the 
fallacious assumption that larger consumption necessarily 
involves greater profit. This indiscriminate discount to 
large consumers is another mischievous inheritance from 
the erroneous analogy of the gas business. 

How inexpedient is this discount system may be seen 
from an example of two consumers, one large and the 
other small, both paying the same rate per unit, where the 
former may easily be a source of loss, while the latter is a 
source of profit. For instance, a consumer using one 
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thousand lamps 365 hours per year and paying a uniform 
charge of 4d. per unit, will have an account of nearly £400 
to pay, and most supply authorities would make a loss on 
his account, whilst another consumer using only ten lamps 
three hours per day, charged for at the same rate, will only 
have an account of about {£12 to pay, and will certainly be 
a source of profit. This large account discount system, 
while it encourages the custom of the few theatres, hotels, 
and restaurants, at the same time encourages the custom of 
а far greater number of large early-closing businesses and 
blocks of offices. 
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DIAGRAM VIII. 


The diagrams on Sheet X. show how the present con- 
sumption of electricity at Brighton is divided among the 
different classes of consumers, the number of units sold lo 
the various classes, the total amount of net loss or profit 


The present and 
probable market 
for the Elec- 
tricity Supply 
Business in 
Brighton. 


made on their custom on the existing tariff, and the net | 


return on the capital allocated to the supply of each class. 
The losses made in the classes using electricity less than 
one hour per day are due to the insufficiency of the maxi- 
mum allowable charge, viz., 7d. 

Owing to the operation of the three causes previously 
mentioned, it must not be taken for granted that this 
division of consumption among the various classes repre- 
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sents the natural market for electricity supply in Brighton. 
The dotted line on the first diagram indicates the writer's 
idea of what may be the probable form of the artificial 
lighting business curve when the wiring problem is dealt 
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DIAGRAM IX. 
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the business. habitant has been in Brighton as great as, if not greater than, 
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in any other town in Great Britain, and differential 
tariffs have been in use there ever since April, 1883, when 
the original really sound form of Hopkinson tariff, viz., 
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an annual rent per lamp actually used in conjunction with 
а charge proportional to the number of hours per annum of 
Such use, was first inaugurated. It is very likely that the 
differential tariff in use there will make the annual con- 
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sumption per inhabitant to be more than fifty units in less 
than five years from now. 


It will be found that whether municipalities or companies 
are the supply authorities, equity of tariff, with its consequent 
necessary concomitant of a lower average price, is much 
more essential to the rapid general adoption of electric 
lighting than mere uniformity of charge per unit. It is 
often urged in favour of the uniform tariff system that in 
an electricity supply business, as in most others, it is neces- 
sary to take the bad with the good, but the writer knows of 
no business consisting in the supply of one commodity 
which willingly carries out this happy-go-lucky policy when 
it can easily be avoided by a little thought and trouble. 


There is another form of tariff which, although not 
definitely following the Hopkinson Law of Cost, has at 
times been viewed with favour by power-station managers, 
and is of great interest. x 

The Kapp two-rate meter tariff is the one referred to, 
which charges a low rate for electricity consumed during 
the daytime when the plant is lightly loaded and a high rate 
during the evening. The inevitable effect of this form of 
tariff must be to discourage the use of electricity when the 
majority of men want it, in order to encourage the use of it 
when the majority of men have no use for it. ltseems to have 
been overlooked that by charging a high rate per unit during 
most of the hours when artificial light is usually required, 
the business of every day supply to the average householder 
is rendered prohibitory. Surely, if a consumer once makes 
it necessary for the supply authority to instal plant and 
mains for his service he should be encouraged in every way 
to use such plant and mains as often and for as long as 
possible: 

The two-rate meter system aims at encouraging the use 
of electricity when very few can make use of it, but it also 
actually discourages the use when the majority want it. 
Moreover, it makes the profitable three-hour consumer pay 
three times as much for lighting his premises as it does the 
unprofitable one-hour consumer, instead of the latter having 
to pay very nearly as much as the former. In the writer's 
opinion, the two-rate meter system entirely underrates the 
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value of the artificial lighting business, and is based оп an 
exaggerated idea of the amount of business obtainable in 
the daytime. 


In most controversies, however, there is generally a sub- 
stratum of truth underlying many of the strongly held 
opposing views. Thus the old tariff af a fixed price per 
lamp per annum was nearly as unsound as that of a uniform 
charge per unit has been shown to be, but the combination 
of the two constitutes the more correct Hopkinson tariff. 

Again, the system of giving discounts on large con- 
sumptions is commercially sound provided that a correct 
Hopkinson tariff is blended with it. A very large con- 
sumer charged on this basis 1s entitled to a special dis- 
count for either or both of the two following reasons. If 
his account be large because of his demand being large, his 
large custom may materially reduce, at all events in the 
early years of the undertaking, when there is an ample 
margin of buildings and mains, the average preparation costs 
per kilowatt, or if his consumption be large by reason of 
his prolonged use of the plant, the percentage of profit 
. made on the investment allocated to meet his supply is 

greater than the average. Discount based on largeness of 
account should, however, be so regulated as to permit of 
other consumers, and the shareholders, in the case of a 
company, benefiting by it. As the relative reducing effect 
of a large consumer on the standing-by costs becomes less 
as the total business grows larger, the rate of discount given 
off such large accounts should gradually diminish as the total 
undertaking grows in size. 

Again, the Kapp system of cheap day supply can be made 
commercially correct provided it be associated with the 
encouragement afforded by a Hopkinson tariff to use the 
plant during lighting hours. 

The practice commonly adopted of quoting a lower rate 
for power purposes than for light has some justification from 
theory, in that the diversity factor among the particular 
motors is generally much greater than that among artificial 
light users, but unless there be a check on the maximum 
demand made by some form of Hopkinson tariff, there is 
a danger of the supply authority having periodically to meet 
a very high load of short duration when works and 
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factories start up after meal times or at 5 p.m. in the winter 
months, when the lighting and motor loads overlap. Under 
a system of a low flat rate for power any early-closing con- 
sumer can obtain electricity for artificial lighting through 
the medium of a motor generator at a much lower price 
than he could obtain it direct from the mains, which 15, of 
course, an absurd anomaly. 

Lastly, the system of charging entirely on the basis of 
units consumed can be made sufficiently correct for all 
practical purposes, provided only that a high enough initial 
charge per unit consumed be made, and this high rate be 
maintained for a sufficient number of hours per annum 
to cover the standing-by and production charges. The 
losses then made on small load-factor consumers will be 
negligible. 

To complete the basis on which to form our single tariff, 
it is necessary to consider in what manner the total 
requisite profit should be distributed over the charges to 
the various classes of consumers. For instance, will it best 
further the object municipalities and companies respectively 
have in view if they seek to make :— 


(1) A fixed percentage of profit on the inclusive cost of 
each unit sold, or 

(2) A fixed amount of profit per unit sold, or 

(3) A fixed return on the capital involved in supplying 
any consumer irrespective of the amount of elec- 
tricity supplied from such capital, or 

(4) A profit derived partly from a percentage on the 
amount of the particular investment and partly 
from a fixed amount from each unit sold ; or 

(5) A percentage of profit, whether made per unit sold 
or on the capital involved, varied so that the largest 
class of artificial light users may be specially 
encouraged to take a supply by a lower rate of 
profit being expected from them than from the 
smaller classes. 


Municipalities cannot be justified in selling electricity to 
one class of their ratepayers at a lower percentage of profit 
than to another class, unless compelled to do so by the 
terms of their Provisional Orders. There is no doubt, 
therefore, that in their case the firs method is the correct 
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one, viz., a fixed percentage profit on the inclusive cost per 
unit, including sufficient to provide for a reserve fund and 
contingencies. Thus, if 1 per cent. on the total capital be 
required for these purposes, and this is equal to, say, 4 per 
cent. on the total charges to revenue account, then the tariff 
has to be such that every unit sold has to produce a net 
profit equal to 4 per cent. of its inclusive cost. 


A company is obliged in the nature of the case to take 
a different standpoint in regard to the tariff problem. 
In its case equity of tariff has to be subordinated to the 
making of adequate commercial profits and very often to 
expediency, but as there is generally some difficulty in 
raising the capital in the early stage of the enterprise, it 
must always be inexpedient to lock up money in supplying 
consumers whose custom will not ultimately produce a total 
return of at least 5 per cent. on it ; in fact, it might be quite 
justified in refusing from the first to take on business which it 
could not be shown would ultimately produce a total ro per 
cent. return on the capital allocated to this said business. 
À company, therefore, should be careful to frame its tariff in 
such a way as not to spoil its future chances of expanding 
by quoting too low a price at first to the easily acquired 
early closing consumers. Moreover a Company would be 
unwise in framing its tariff in such a manner that the large 
load-factor consumer was charged at a lower rate than was 
necessary to obtain his custom, irrespective of equality of 
profits. Its chief endeavours should be to encourage the 
custom of that class which is the most numerous and the 
most profitable to supply at prices which can compete with 
gas, viz., late shopping and middle-class residential districts. 


In Great Britain, unfortunately, it has hitherto been the 
practice of Parliament to fix a maximum to the price paid 
per unit, irrespective of the size of the town supplied. It 
would have obviously been much better for the small 
consumers if a limit had simply been put to the general 
average price of electricity in the town. Again, any con- 
sumer in this country can demand to be charged entirely on 
the basis of units consumed, and, moreover, need not 
guarantee- to take more than 20 units per quarter irre- 
spective of his demand. These three conditions necessarily 
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raise the cost of electricity to the middle classes, as these, if 
they use electricity at all, have to make up the losses 
incurred in supplying the large consumers with low-load 
factors and the irregular users. It-is to be hoped that 
future Provisional Orders will provide some more effective 
means than at present exist of protecting the interests alike 
of the small consumer and of the supply authorities. 


Dealing with present conditions, however, the maximum 


Authority mk- price per unit generally allowed in this country is eight- 
price lower than pence. From what has already been stated, it will be seen 
brice fredi that no supply authority is wise in lowering this price to 


their order. 
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any consumer until the consumption charged at this 
rate covers all the standing-by charges incidental to his 
supply, in addition to the production costs of this part of his 
consumption and the proper share of the required profits. 


To find how much electricity any consumer has to pay 
for, at this maximum гаје, the following calculation 15 
necessary :— 


If D =the consumer's demand in kilowatts as defined 
in the preceding pages ; 
K = the annual cost of standing-by in pence of each 
kilowatt so demanded ; 
M =the maximum price allowed to be charged per 
unit ; 
p = the production cost per unit ; 
и = the total number of units expected to be sold in the 
year in question ; 
-= the ratio of the net profit to the total charges 
against revenue account ; 
L = the total loss in pence expected to be made on the 
supply to the small load-factor consumers ; 
D x H =the amount of electricity that has to be paid 
for at M pence per unit before the second price P 
is charged ; 
then— 
DK (r + 1) 


Mr — p(r + 1) 


i r L 
P in pence = p (+) + X- 3Dx H 


D x H = 
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As an example, take the Brighton figures of 1900. 
Неге М =7, К = 2,320, р —'6 pence, let = = = 


L = 880,000 pence, и = 3,726,000 and D 
kilowatt. 


The D x H = 403 units, or 
H = 403 hours, and 
if Z D = 2,950, P = one penny, 


or after a consumption equivalent to the use of the maximum 
demand for 403 hours, the price can be reduced from 7d. to 
one penny to produce the required margin of profit. 


The margin of net profit made beyond the 3 per cent. to 
44 per cent. already charged to the revenue account must be 
such as to allow of an additional discount being given at the 
end of the year to all large consumers whose accounts exceed 
a certain hgure, and whose annual consumption of electricity 
has been in excess of the quantity represented by their 
demand used for H hours. 

The meter rentals should be sufficient to cover service 
costs, notwithstanding the frequent tendency of gas com- 
panies to abolish them. 


The proposed tariff can be stated in two forms. The 
frst is:—A charge of eightpence per unit, or higher where 
possible, for that part of the consumption which is equivalent 
to the use of the consumer's demand for . . . hours a year, 
or quarter, or month, whichever репо is considered most 
suitable for the district, and . . . pence for any further 
consumption in the said period. The second form (which 
is equivalent to the first in the case of all but the smallest 
load-factor consumers) is stated in terms of a yearly or 
monthly charge per lamp demanded and a charge of... 
pence per unit for the electricity consumed. 

If L =the yearly rent in shillings of each demanded 
standard lamp— 


M = the highest price allowable, and 

P = the price per unit after a consumption equivalent 
to H hours use of the demand ; 

W = watts of standard lamp ; 


L — (M — P) -5 
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tained. 
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/ 
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thus if M = 8d., P = one penny, and H = 365 hours, and 
W = 33, then a tariff of 8d. for the equivalent of the use of 
a consumer's demand for one hour per day and rd. after- 
wards is the equivalent to an annual rent of seven shillings 
per lamp demanded and one penny for every 3o hours' use 
of such standard lamps. 2 

As the business grows the number of hours during which 
the highest price’ chargeable is maintained can be reduced, 
but the initial price should on no account be altered. This 
reduction of hours in conjunction with a reduction in the 
lower price P gives all the elasticity required by the lower 
costs due to increased output and greater economy of 
production. 

The second way of declaring the tariff, coupled with the 
explanation that the demanded number of lamps is taken to 
be the number of standard 8-c.p. lamps, or their equivalent, 
which have been used simultaneously for about an hour in 
the six winter months, will enable any intending consumer 
to estimate fairly correctly his probable annual account, 
which he certainly cannot do when using gas. The mean 
of the latest three winter months’ demands should form in 
all cases the demand on which to charge the summer con- 
sumption, and every consumer should be given the privilege 
of making one or two unmeasured demands per month and 
of having an excess demand alarum fixed on his premises on 
his agreeing to pay an extra rental for same. 

In the case of power users and other consumers who 
are likely or willing to make their demands during the 
daytime or after ten in the evening, greater than during 
the early hours of evening, a demand indicator time cut-out 
should be supplied and an additional rental charged. 

In the case of motors, the demand actually recorded is 
the equivalent of one which must be maintained for an 
hour. In practice the registered demand may be taken 
to be roughly the measure of the mean power taken 
by a motor during the hours it has been most heavily 
loaded. | 

It is difficult to imagine any class of consumers who 
will be unfairly treated by the above tariff or any 
desirable classes that cannot be sufficiently encouraged 
by it. 
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It must not be forgotten that there is considerable 
administrative economy in having one rigid tariff which 
does away with all bargaining and disputes, as in such 
case the whole of the onus of deciding the proper amount 
of a consumer's bill is borne by a simple instrument whose 
record can be checked and whose upkeep is much less 
than that of the staff of clerks necessitated by an elastic 
schedule of rates. | 

lt may be here pointed out that the demand indicator 
involves a greater saving of time in the office than ex- 
penditure of time among the meter readers; it enables 
the distribution Superintendent to have a very accurate 
knowledge of the maximum load on his mains and enables 
avery perfect balance to be kept on 3 wire systems. 

It is often objected that the charging of the high initial 
rate suggested will provoke great opposition, but it must 
be remembered that such opposition will only come either 


from those who now claim to be supplied at a loss,- 


or from those who have not had the effect of the tariff 
in reducing their accounts properly explained to them. 
The former objectors are generally those early closing 
business establishments which can very well afford to pay 
the supply authorities at least the bare cost of giving them a 


supply. 


While permission cannot yet be obtained to raise the 
initial charge from the present maximum of 8d. no sufficient 
reason can be adduced for charging a lower figure, or for 
not maintaining it for the requisite number of hours per 
annum. All the arguments which have been given against 
a uniform rate system of charging apply nearly to the 
same degree to the very common tendency of municipal 
authorities either to lower the initial price charged on a 
Hopkinson tariff below the maximum price allowed in 
their order, or to adopt the equally unsound practice of giving 
consumers the option of paying on a flat rate, should 
the differential one make their accounts too heavy. 
Both practices must, as previously explained, unnecessarily 
rase the price to the average artificial light user and 
render it more difficult for the supply authority to obtain 
his custom. 


The system of 
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actual demands 
of consumers is 
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the Distribution 
Superintendents 
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It has been suggested that the extra cost and loss of 
energy in having demand indicators installed on all con- 
sumers' premises is sufficiently great to counteract all their 
theoretical advantages, but as there are now many forms of 
combined instruments in the market which are neither 
more expensive nor extravagant in electrical losses than many 
of the electricity meters at present used, this objection falls 
to the ground. Moreover, it can be shown that the 
general load factor has only to be increased by unity for 
the extra profit thereby made to suffice more than to cover | 
the increased annual expenditure the use of demand indi- 
cators may involve. 

The wiring problem will undoubtedly have to be ener- 
getically attacked if electric lighting is to develop rapidly 
among the masses, and in the case of municipalities it 
must be recognised that the same principles govern the 
profitable use of a supply authority's capital inside the 


. houses as outside them. 


Nothing could be more injurious to the interests of a 
supply authority than to make an additional uniform charge 
per unit for the use of the wiring. The charge should 
obviously be independent of its use or only the wiring of 
long used lamps should be undertaken. To charge so 
much per unit for the use of the wiring is directly to 
encourage the installation of poor load-factor lamps and 
discourage good load-factor ones. As the number of lamps 
wired is generally in excess of the actual number demanded, 
it is obvious that a charge based on the number demanded 
is also wrong. In the judgment of the writer the sound 
method is to offer either to wire only long used lamps or 
to make an inclusive rental of so much per lamp per annum 
coupled with a low charge per unit consumed, the difference 
between the lamps wired and the lamps demanded to be 
credited at the rate of say 15s. per 16-c.p. lamp per annum, 
or whatever the tariff may determine, the lamp rental to be 
diminished after the first four years when the wiring has been 
paid for. Supply companies have not hitherto seriously under- 
taken this branch of distribution, but it is just as important and 
justifiable as the running of distributing mains in promising 
districts, and the laying of house service connections. Supply 
Authorities do not object 10 speculate in the way of the laying 
of irremovable house services, but hesitate in extending 
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their mains up to the lamps on the ground that it is putting 
money on private property ; but with a tariff which can 
compete with. gas, surely the risk of idle wiring is no more 
than that of idle services, which in practice amount to 
merely 5 per cent. of those laid. Moreover, the Electric 
Lighting Acts protect already the supply authorities’ wiring 
against seizure or damage. 

The curve IX., showing the proper inclusive charge per 
hmp per annum at Brighton, demonstrates the possible 
aid which this way of tackling the problem may bring to the 
supply authorities. Wiring firms cannot be expected to 
give much assistance in this matter of loan wiring, as they 
are not so much interested in getting an increased con- 
sumption for the supply authorities as in selling expensive 
ittings ; but if they were given a substantial interest in the 
frst year's consumption, their valuable aid would doubtless 
be forthcoming. 

In discussing this tariff question, it is often argued that 
as the supply authority has had to put down a great deal of 
capital long before it can be used, it is commercially sound 
to fill the plant up with business as quickly as possible, 
Without reference to the load factor of the business so 
obtained, but this implies either an extravagant initial 
capital expenditure, or a want of faith in the future expan- 
sion of the business, or both. If the scheme be properly 
laid out from the first, proper provision for repeated exten- 
sions made, and an encouraging tariff adopted, no fear need 
be entertained on account of the capital invested remaining 
unproductive for one or two years, because such loss of 
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interest is much less than the loss which ensues from taking | 


unprofitable business during the early years of the under- 
aking, which cannot easily be got rid of later on. 

Before concluding this very long paper, I desire to 
acknowledge my great indebtedness to many engineers and 
commercial experts for their valuable criticisms of my often 
crude ideas on the subject of Electricity Tariffs. Particularly 
am I indebted to Messrs. Henry R. Beeton, W. A. Chamen, 
J. К. Dick, W. L. Madgen, W. C. P. Tapper, P. Tuckett, 
and, above all, to my late friend, Mr. Henry Reason, who 
did more than any other worker on the subject, to drive 
home the fundamental truths of the Hopkinson theory, 
both by reason of his forcible and charming eloquence 
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and by his great manufacturing skill in developing a simple 
means of carrying the theory into practice. 


The PRESIDEXT: Mr. Wright has given us a paper on a most 
interesting subject, and he has treated it, as he always does, in a 
most complete manner ; in fact, there is nobody who is better fitted 
to write on this subject than Mr. Wright. Not only has he bestowed 
a great deal of thought upon it, but his paper bristles with sugges- 
tions for discussion. No doubt the question of wiring is of great 
importance with regard to the extension of electric light in what 
may be called something less than middle-class residences. The cost 
of wiring small houses or small villas is one that very often interferes 
with those who would like to have the light if they could only get over 
that difficulty ; and I think that lies entirely at the root of the great 
extension of electric light in a most profitable quarter. Those houses 
would, as Mr. Wright has pointed out, make use of the light much more 
regularly, having regard to the number of lights, than is the case with 
lights installed in larger houses. 

Mr. К.А. DAWBARN: This subject is one in which I have always 
taken great interest from the early days when Dr. Hopkinson 
first introduced into Manchester the system of basing the charge on 
the number of lights in the premises connected with the mains—a 
system which in some respects is the basis, I suppose, of the Wright 
indicator system. There are one or two points which have interested 
me especially in this paper, and particularly diagram 10 on p. 475. It 
is interesting because it shows that notwithstanding this very intricate 
method of charging, it is not perfect and does not rcally satisfy all 
the conditions that are to be mct with. Mr. Wright does not go 
quite far enough and tell us how he would really deal with those 
extreme cases which represent quite an appreciable portion of the 
total consumption in the case which he brings forward, viz., Brighton. 

There is another point which I do not understand very clearly on 
р. 484. He says: “It has been suggested that the extra cost and loss 
of-energy in having demand indicators installed on all consumers’ 
premises is sufficiently great to counteract all their theoretical 
advantages," and he then goes on to say that combined instruments are 
to be obtained which, if I understand him correctly, do not consume 
anything more in energy, and do not cost any more in first capital cost 
than do many forms of electricity meter. But the rest of the paragraph 
seems to me to put rather a different complexion on the case, because, as 
I understand it, he admits there that the cost (I suppose that includes the 
interest on capital outlay) of attending to these instruments corresponds 
to the profits that would be made on a 1 per cent. increase in the load 
factor. If that is so it is quite clear that one does not use the demand 
indicator for nothing, and the community as a whole must suffer by 
the introduction of additional, in itself non-productive, apparatus. 
Is there no other way of getting over the difficulties that he draws 
attention to? It appears to me that, as time goes on, and we get 
electric lighting representing a much larger proportion of the total 
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artificial lighting, that the demand-indicator system will become less 
and less important. Take a case where there is no other artificial 
illuminant than electricity available—there are many abroad, but, of 
course, not many in this country. I would like to ask Mr. Wright 
how, under those conditions, he would argue that he has increased 
his load factor or derived any bencfit corresponding to the increased 
total cost of running such an installation with demand indicators? 
[Mr. WRIGHT: They always have paraffin] Yes, and candles. Of 
course you can always find them if you look for them, but they do not 
represent any appreciable proportion in many cities. However, the 
point I was arriving at was whether there was not some way of 
meeting the worst features of a uniform tariff. I have shown that the 
Wright demand-indicator system does not really perfectly meet the 
conditions as shown by Mr. Wright's diagram, No. 10. Assume, for 
instance, that every one present has his residence lit electrically. 
We do not want to differentiate between the charges to any two 
gentlemen in this room, beyond what will be covered by a uniform 
rate; but that, of course, is not the case when you get to vastly 
diferent uses for the light; and it appears to me that it is only 
in the extreme cases, where the very long-hour users are concerned, 
that it is necessary to adopt this system. In order to catch say 5 or 10 
per cent.—those exceptional users—it should not be necessary, and is 
not, 1 submit, advisable to introduce this special apparatus into the 
installations of the other go per cent. The case becomes very pro- 
Dounced in some of the residential districts in the neighbourhood of 
London, where the bulk of the users are residential, and all the con- 
Sumers аге more or less of one type. The method that my firm has 
devised to meet with a case of this kind was embodied in the Foots 
Cray Provisional Order last year, and it is this : First, a flat rate, the 
Usual minimum being 20 units; and, secondly, at the consumer's 
option, he may be charged for any amount up to an average of 44 
units per lamp fixed per quarter. That, at the rate of 8d. per unit, is 3s. 
Per quarter per lamp fixed, or 12s. per annum. He, therefore, takes the 
courage of his convictions that he is a long-hour consumer, and he 
commits himself beforehand to pay that amount, and then gets his 
гебаје on anything that he consumes over that. We expect this will 
result in only a few applications, and that it will not be necessary to 
Introduce the instrument into the other consumers' premises, but only 
Into those where they really greatly want it. 

Mr. J. S. HiGHFIELD : It seems to me that all Mr. Wright's contentions 
are correct, that the business of a central station engineer is to obtain 
very possible class of load which he can acquire, and to do that it is 
hecessary to adopt some system of differential tariff. Mr. Wright has 
set very clearly before us the principles of the Hopkinson system of 
Charging, and we all know the way in which he applies that system in 
Practice. In my own station I do not use the demand-indicator 
System for charging for the lighting, the real reason being that when I 
took charge of the station a flat rate was in force of 6d. per unit. 
In a small town in the Midlands, with which I was connected, we used 
the demand-indicator system, and the great practical difficulty with 
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it was to explain the theory of the system to the consumer. The 
ordinary consumer, we found, was not able to appreciate the difference 
between his load, which did not give him a reduction, and his 
neighbour's load, which obtained a very considerable reduction. Asa 
matter of fact, to show that is a very real difficulty, in that town 
the opposition was so strong that a flat rate of 5d. was given as an 
alternative to 7d. for the first hour’s use of the demand, and 3d. for 
the extra use. Although I daresay 25 per cent., or even 30 per cent., 
of the consumers were paying considerably less than 5d. for their 
current on the old rate, all except two preferred to take the current 
at 5d. 

Now, another point it seems to me is that this system which Mr. 
Wright explains, operates against thej short-hour shop load—the early- 
closing shop load. The early-closing shopkeepers have to pay a very 
long price for their current, a price very greatly in excess of what they 
pay for gas. Іп а town of the class of Brighton, where the shops are 
large and the business is great, there probably is not much difficulty 
about getting a large price; but in a small town where the shops and 
the businesses are small, it is impossible to charge the price of 7d. per 
unit, that is to say in any shops in which there is no reduction. There- 
fore, if it were possible, I should rather have a lower initial price kept 
oh for, say, two hours a day instead of a higher price for one hour. I 
am quite aware that it is not correct theoretically, and that Mr. 
Wright's contentions are true, but in a small town with a poor class of 
people it seems to me that there would be less trouble with the 
consumers in adopting that system—and, after all, that is the great 
point. 

Mr. Wright has mentioned that the use of batteries might alter 
the case to some extent. Now, it seems to me that Mr. Wright's way 
of getting at the initial price is to take the whole of his standing 
charges, the charges really necessary for the preparation costs, and to 
take the whole sum and divide it bythe total of the individual maximum 
demands. If by the use of batteries the capital can be reduced—and 
it can in certain cases—then it will simply bring the initial price per 
unit a little way down, so that the use of the battery makes an 
automatic reduction in the particular case which he explains. In a 
town of the nature of St. Helen's a very great part of the load is for 
private motor purposes. In the same time more units are sold for 
such motors than are sold for lighting, and there is also a tramway load. 
The diversity-factor of such a load is very large, and therefore the total 
of the consumers maxima will be very large in comparison with the 
maximum at the station. That, again, should, it seems to me, enable 
the initial prices to be reduced. We fixed on 414. for lighting, and I 
for one, at any rate for the present, cannot see any chance of adopting 
a demand-indicator system. But I may say that my chief object—as I 
think was the case with the engineer of Montreal—was to encourage 
the motor load, and we have adopted the demand-indicator system for 
that load. 

All along in electric supply, especially in those towns chiefly com- 
posed of small business people, you have the bogey of gas in front 
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of you, and gas is always quoted against you—that gas engines can 
drive a given load at a lower price than motors, and so on—and we have 
found that for ordinary motor work about 2d. per unit is absolutely the 
maximum price that can be charged for users who average perhaps 
only one hour or, at the most, two hours as their maximum demand 
daly. In taking out gas engines and replacing them with motors we 
have found that at 2d. per unit the price works out at very much the 
same rate as with gas, but as soon as we get any load that lasts over 
two hours a day, then electricity has a less chance as the duration 
of the demand increases, and it is necessary to make a reduction. 
This system comes in very well, and as we started with 2d. and 
were enabled to reduce to a lower rent, viz., for two hours a day 2d., 
and 1d. after that, our consumers entirely fell in with the arrange- 
ment without the slightest trouble. Now at that rate we can more 
easily compete with the gas, but even that rate is not low enough 
to compete with 2s. gas under all conditions. I think the great 
thing for all station engineers to keep in view is to obtain the greatest 
diversity of load possible, and the best way to do that is to get a 
large motor load. 

There is one other thing I should say about the shop load: as 
Mr. Wright says, in the early stages of an undertaking, the early- 
closing shops come on with great readiness. It seems to me that these 
early-closing shops, although their load is a poor one in ordinary 
Cases, are most excellent advertisements, and for that reason alone 
they really should have a certain amount of consideration. If any 
engineer is in such a position that his undertaking has been operating 
for eight or ten years, and can say to these carly-closing shops which 
are an unprofitable load, “ Either remove your load, or else pay double 
what you now pay,” he is in an enviable position. I think the advertising 
value of very big shops is of great benefit to the undertaking. It not 
only brings electric lighting prominently, and very early, before the 
public, but it also induces the authorities to go in for greatly improved 
street lighting, because when the shop load is turned off, which it is at 
an early hour of the night, it is necessary to have very good street 
lighting to keep up the standard of illumination. 

The PRESIDENT announced that the scrutineers reported the 
following candidates to have been duly elected :— 


Associate Members: 


Alexander James Ewing. Harry Lorimer Riscley. 
Frank L. Monkhouse. John Woodside. 
Associales г 


Clarence Edgar Allen. | John Spence. 
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The Three Hundred and Sixty-Ninth Ordinary General 
Meeting of the Institution was held at the Institution of 
Civil Engineers, Great George Street, Westminster, on 
Thursday evening, December 19th, rgor— Major P. 
CARDEW, R.E. (Vice-President), in the Chair. 


The CHAIRMAN : I regret to have to announce that our President is 
unavoidably absent to-night on account of the results of the.recent 
blizzard. He has asked me if I would represent him, and to the 
best of my ability I have consented to do so. 


The minutes of the Ordinary General Meeting held on December 
I2th, 1907, were read and confirmed. 


The names of new candidates for election into the Institution were 
announced, and it was ordered that their names should be suspended 
in the Library. 


Messrs. S. Joyce and F. Rawlings were appointed scrutincers of the 
ballot for the election of new members. 


The CHAIRMAN : I have to announce a donation to the Institution 
of a very striking portrait of her late Majesty, Queen Victoria. The 
original, of which the picture is a photograph, is by Angeli, and is at 
Windsor. Major-General Webber, who has presented the photograph, 
states that it was taken for Her Majesty, that fifty copies were made for 
her, and given by her to relations and friends ; and that no other copies 
have been made since 1899. The King has lately given special per- 
mission to Major-General Webber to have one for presentation to the 
Institution of Electrical Engineers. I ask you to accord a vote of 
thanks by acclamation to General Webber for this donation. 

The vote was carried by acclamation. 


The CHAIRMAN: I have with great regret to announce the death 
of a very old member, Mr. Matthew Gray, of Silvertown, with whose 
name I am sure most of you are familiar, and whose work we have long 
recognised as being of great value. 


Resumplion of discussion of paper on “ SOME PRINCIPLES UNDERLYING 
THE PROFITABLE SALE OF ELECTRICITY,’ by ARTHUR WRIGHT, 
Associate Member. 


Mr. W. H. PATCHELL : The first thing that struck me on looking 
into Mr. Wrights paper, was the great elasticity there is in our 
profession if men really do hold the views set forth by Mr. Wright on 
pages 445-447. A man engaged in central-station work ought soon 
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to know how he can supply electrical energy and at what rates; but it M 


surprises one to know on Mr. Wright's authority that men can hold 
such divergent views, because some of them are so diametrically 
opposed to anything we meet with in London that they take one's 
breath away. Тһе creed that Mr. Wright preaches to us is an ideal 
one, but, to speak candidly, I am one of those who have not reached 
this ideal. If we were in the fortunate position of the reader of the 
paper, and had a monopoly, we might then be able to dictate terms 
to the consumers; but our experience in London is that there are 
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competing companies against us, sometimes two and always one, so 
that if we arrange for a satisfactory rate, the rival company immediately 
quotes a lower price. Then again people are, in many cases, strongly 
opposed to these methods. They wish to know what they will have 
to pay ; they will pay it willingly, but they must know what their 
liability will be. If you explain to a man that his rate will start at 
8d. and will, under certain conditions, come down to 2d., it does not 
interest him so much as if you tell him that he is going to pay 4d. or 
5d. at an average rate. 

Much of Mr. Wright's paper centres round page 461. He there 
says that if we can get up our load factor we can make money, and if 
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we work on a low load factor we lose money. In my Company we 
have no Wright demand-indicator, but my assistant, Mr. Mayson, has 
been good enough to calculate out my figures for half a year. Mr. 
Wright, on page 461, says it can be done by mechanically adding 
together the number of hours; but it is by no means so simple as it 
appears. Mr. Mayson has, however, taken these figures out for me, and 
I have great pleasure in handing them in (see Fig. A). The substance 
of them is this. Mr. Wright on page 462 gives us three curves. 
His Brighton load factor was 13; in 1900, by the use of the demand- 
indicator, it was brought up to 18:76. Stepney, starting as a new 
concern, presents very abnormal figures. There it is 21; and of 
course that is solely due to the use of the Wright demand-indicator. 
But it must also be remembered that the undertaking is run without 
competition. He can dictate his terms, and people have to take the 
demand-indicator whether they like it or not. Itisalso down іп the East 
End, where people rise early and shop late, so that the average 
lighting hours are much longer than in the West End or in Central 
London. In Charing Cross for the half year, from January to 
June 19oo, we had a load factor of 284 without a demand-indicator. I 
know I shall meet with the rejoinder that if we had 283 without the 
instrument, what should we have had with it ? 

Mr. Wright, at the bottom of page 461, says, “It must be obvious 
that all the peak of a curve should be supplied from plant put down, 
having in view rather the lowness of capital costs." There I am with 
him entirely. I have been trying to live up to that for many years. 
When we started the Lambeth station my idea was to put down a very 
high-class plant condensing for the bulk of the load and to run the 
peak of the load non-condensing, because I did not think we should 
get our money back for a condenser. That did not come off as soon 
as we expected, because we got hold of the wrong sort of condenser, 
but we have succeeded at last, and lately we have been running 75 per 
cent. of our load condensing, and the effect of that on the coal bill has 
been very satisfactory. When 75 per cent. of the output is obtained 
from condensing plant, one can afford to waste a little on the 
other remaining 25 per cent. We must of course arrange for our plant 
to be as uniform as possible, but we need not adopt excessive refine- 
ments and try to save money on plant which only works for a few 
hours in the day or sometimes a few hours in the year. Then on page 
477 the author refers to power used for motive power and to that for 
lighting purposes. Naturally all of us who have not a demand- 
indicator say wc will give a man power load or we will give him 
lighting load, under the belief that he will use his power supply 
for longer hours. Very often we get hit by it, but that is one of the 
misfortunes of the business ; and until we can live up to these ideals 
and have Wright demand-indicators for restaurants and railway trains 
which run empty in the middle of the day, and probably for the 
telegraph service, we shall have to live by the average ; and at the 
present time, as I say, we can live by a 28} per cent. load factor on the 
average. 

Mr. W. М. MonRbEY: I am glad that Mr. Wright has brought this 
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subject before this Institution, and am sure he has done so in order to 
have it discussed as thoroughly as possible, without any thought 
whatever to interests of his oWn or other people’s in the matter. If I 
express some views that are not quite in accord with his I hope he will 
take them as coming from one who is very willing to learn. Every line 
of the paper requires careful thought and the weighing of many things 
before the arguments can be followed thoroughly. I am afraid many 
people are entirely incapable of following some of the arguments. 
The other day I was asked by a University man, a good mathematician, 
who is in a position of authority in a large institution in the East End, 
toexplain the system to him. He said he had been prevented from 
putting electric light into his institution because he could not understand 
what he would have to pay, and therefore they were going on at present 
with gas. Mr. Highfield gave us as an example last week the fact that 
the consumers in his town, with one or two exceptions, preferred a 
simple plan which they understood rather than a complicated one which 
they could not understand, even if they had to pay more. It is un- 
doubtedly a very great defect in the application of systems of this sort 
that it is difficult to get ordinary people, unless very skilled in figures, to 
understand them. Indeed, Mr. Wright himself has said that even 
persons who are skilled in figures—accountants, and so on—find a 
difficulty in following the arguments. If that is the case with chartered 
accountants, I think ordinary people may be forgiven. 

It seems to be generally taken for granted that these maximum 
demand methods are quite sound in principle—that it is only as to the 
applications that any question can arise. But are we quite sure that all 
the bases of this system are sound? To illustrate the main basis of 
this system take, for instance, the case of churches. The idea is put 
forward that as churches use their lights only for a very short time in 
the week they ought to pay at a high rate. Thetheory in this case, and 
indeed underlying the whole demand system, is that a consumer has 
installed in the central station a certain amount of plant which is 
allocated, as it were, to his installation, and that if he is only going to 
use it for a short time he should pay a higher price. As so put it 
sounds right. But is it not a fact that when we go to church we 
generally turn out two or three lamps at home for every one that is 
turned on in church, and that the load on the station is not greater 
then, but may very possibly in some cases be less—if there is a good 
church-going population—than when there is no church on. Or take 
the case of ball-rooms. I am told that in some cases there are houses 
where there are hundreds of lights, in large ball-rooms and places of 
that sort, that are only used once or twice a year, and that the station 
must keep a supply of power ready to run those lamps whenever there 
isa ball. But I think it is probable that the same argument applies 
there as in the case of the churches. When people go to balls their 
own houses are not lighted as much as usual, and the demand on the 
Station may really be less or not greater when a ball is on than when it 
isnot. Actual results in such cases would be very useful. There must 
be many instances that have presented themselves to central station 
. engineers, and they can tell us from experience what the effect is in 
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such a case as that. Is not the whole argument admitted to be wrong 
by the fact —I am told it is a fact—that customers who have exceptional 
demands are told by the central station people who use the demand 
indicator system that if notice is given when the lights are to be used, 
they will short-circuit their demand indicator for that evening? If that 
is the case it strikes me—I am only asking for information as a person 
who is not even an accountant—that it is rather giving away the whole 
case. Mr. Wright shows us the gradual increase of his load-factor at 
Brighton, and puts it down to the use of the demand-indicator system. 
I doubt very much whether people's habits are altered very much by 
the fact that they have а demand indicator in their houses. The growth 
of the load-factor at Brighton may possibly, to some extent, be due to 
the careful way in which, this system has been applied there, to the 
picking and choosing of customers, and so on; but is it not a fact that 
the load-factor in most places has grown and that in Brighton it would 
also have grown—possibly not as much, but to some considerable 
amount—even if the people had been supplied on a simple flat rate. 
One objection to the system is that it tends to prevent the installation 
of lights in places in the houses that are not often used—spare bedrooms 
and places of that sort. A man may have his housc filled with guests 
once or twice a year, and would like to have electric lights all over his 
house, but he does not put them in because he has a demand-indicator 
system. It surely must tell against the installation enginecr, and it 
must tell against the use of electric light, in the way that gives the 
greatest convenience. After all the object of this system is to get at an 
average. If we can only get at an average we have got at a flat rate. 
If we have got at a flat rate we may as well charge a flat rate, at any 
rate for the large proportion of persons who, as Mr. Dawbaarn pointed 
out last week, probably come fairly within that average. The whole of 
the customers in a town ought not to be penalised because a small 
proportion of them require exceptional treatment in the matter of rates. 
It is not a small matter, this installing of additional non-productive 
apparatus in every house throughout a town. I do not say there is no 
advantage gained ; there may be some, but is it worth the cost and the 
trouble and the loss of pressure? I think we ought, as far as possible, 
to try and reduce to a minimum the non-productive plant that has to be 
put in. We should keep down the auxiliaries which make the cost of 
getting into a house considerable. Most supply undertakings arc now 
going down in the social scale in getting customers. Although these 
additional things may not be a very serious tax on large installations, 
when you come to cottages and small places the fittings, the main 
switch, the fuse, the meter, the demand indicator, and possibly a time 
switch for certain cases, as Mr. Wright proposes, sum up to a good 
deal in the whole place. They particularly tell against the spread and 
cheapening of electric light amongst smaller users. It may easily 
happen that several years’ profit may be swallowed up in this way. 
For instance, the total revenue from a cottage using a few lamps may 
be only a very few pounds a year. The cost of the additional apparatus 
may be from one to three pounds, which is a large proportion of one 
year's revenue and a much larger proportion of the profit. It may 
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swallow up several years' profit. Mr. Wright refers to the losses in the 
demand indicator as not greater than those in the meter. But they are 
additive—and in any case the losses in the meter are great enough in 
al conscience. When we remember that the thing we really ought to 
be selling is light—and that the light varies about inversely as the cube 
ofthe pressure—a difference of one or two or three per cent. in the 
pressure makes more difference in the light supplied to the customer 
than is paid for by any saving effected. I will not take up your time 
by alluding to anomalies that have been mentioned, which to some 
exent other speakers have touched upon, but I think that if Mr. 
Wright proves his case in this matter, our methods of charging for 
commodities ought to be altered. For example, when we take a railway 
jurney we ought to pay a shilling for going on the platform and a 
farthing a mile afterwards. For my part I cannot help feeling that 
simplest ways are best—simplicity of apparatus and of method of 
charging is what we ought to aim at—the minimum of auxiliary 
apparatus; and we ought, if possible, to keep for the exceptional 
customer the exceptional apparatus. 


(Added February 4, 1902.) 


Since the discussion on Mr. Wright's paper I have examined the 
published returns of the British electric supply undertakings in order 
to compare the working results of the stations using the demand 
System with those of the flat-rate stations. 

The result is given below in the form of averages of the essential 
quantities worked out from the very full and useful Lightning tables— 
they are from the paper published on December 26, 1901 :— 


Flat Rate. Demand System. 


Number of Stations — ... — ... m 34 98 
Average Units sold Ds ҚТ -— .. 1,217,076 1,266,287 
»  Load-factor ... ae т 12°02 11'65 

» Works cost per Unit.. ды Sr 2:62d. 2:624. 

» Units sold per lamp .. ane 16:8 18:98 

» price obtained for privato lighting... 4'56d. 4' 52d. 

T public lighting .. 2°35d. 2'4754. 

Companies —Ме!горон ап a is of 4 9 
Provincial.. site qux IO 2I 

Local Authorities Metropolitan a i О 6 
Provincial.. Қт age 20 62 


If the flat rate had the ill effects ascribed to it, it should be shown— 
as compared with the demand system—in a lower load-factor, a higher 
works cost per unit, and a higher average price both to private con- 
sumers and for public lighting. So far from this being the case the 
table shows that the average flat-rate load-factor is distinctly higher— 
that in the works costs there is no difference, that the average prices to 
Private consumers are substantially the same, but that the flat-rate 
stations are able to supply their public lighting at a lower price than 
the demand-system stations. 

In the * units sold per lamp" the consumer suffers in the one 
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respect under the demand system, as is to be expected : he uses more 
energy per lamp. This simply means, so far as I understand it, 
that, unlike the flat-rate consumer, he has not the convenience of a 
choice of lamps which he can turn on or off as he wants them. He 
restricts the number of lamps and uses those he has for a longer time 
per lamp. This is no advantage to anybody. The table shows that 
it does not help the station by raising the load-factor, or by giving 
a lower works cost—it does not help the consumer in the matter of 
price, for his average price is the same as that of the flat-rate man. 
It does not help that important body “the trade"—on the contrary—it 
injures it by restricting the number of lamps installed. 

These results are the more significant from the fact that the average 
size of the stations—as shown by the units sold—is practically the same 
for the two systems. 

In a many-sided question like this it seems safer to rely on the results 

of a practical working than on arguments, however able-based on 
statements of principles. The difficulty with the principles is not that 
they are wrong, but that it has not been possible to give due weight to 
all the conditions that occur in practice. 
.. Whatever may be said for the demand system as regards individual 
cases or exceptional consumers, it appears from these results of 
practical working in a great variety of towns that neither the consumers 
as a whole, nor the undertakings as a whole, have anything to gain— 
while they both have something to lose—by the general use of the 
maximum demand system. 

Mr. J. R. Dick: The subject which Mr. Wright has so ably and 
exhaustively dealt with is not one which is of merely insular interest. 
Greater attention is being devoted to it year by year in all countries 
where the economics of central stations are studied, and this has 
led to prices being based on the principles which Mr. Wright has 
so clearly laid down in his paper. In this connection England occu- 
pies the premier position. It is in very pleasant contrast to the 
position frequently assigned to England by its critics in connection 
with other branches of the electrical industry. The rapid progress 
which has, been made by this country in cheapening the supply of 
electricity, and the superiority of our achievements, are freely 
acknowledged by our Continental and American critics. 

With regard to the main argument of Mr. Wright's paper, I am 
surprised to find that so many engineers are sceptical as to the sound- 
ness of the Hopkinson doctrine. All those who have given earnest 
thought to the question, and who have even pretended to investigate it, 
not only in this country but in Continental countries, have arrived at 
the same general form of equation for the costs, with a corresponding 
equation in relation to the charges, as Mr. Wright has done. The only 
question that it seems to me worth while for this meeting to consider 
is, in what way the load curve of each customer or some quantity 
proportional to his demand can be measured in order to ascertain 
the relation which it bears to the aggregate load-curve of the 
station or to the sum of the maximum demands. I think Mr. 
Wright has very clearly proved in his paper that one of the best ways 
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of doing this is to use an indicator which has a sufficient time lag to 
prevent its recording any intermittent or accidental increase of 
load, but which will give a reading corresponding to the average 
steady demand made by a customer оп the central station plant. It is 
obvious that intermittent variations are of absolutely no importance in 
this connection, and should not be measured, because, on account of 
the diversity-factor in such cases, they do not appear in the general 
station load, and no provision has to be made in the matter of extra 
plant. One of the most appropriate names for the demand- 
indicator is “Тһе Investment Meter," because, more nearly than any 
other method or instrument, it tells you what you want to know, viz., 
the proportion of the investment charges which each consumer has to 
pay. Mr. Wright has clearly shown that by his method all classes 
are charged fairly, and none of the custom which is desirable is 
discouraged. That is a very important point. I observe that he has 
spent some considerable timc in discussing what happens іп the case of 
the half-hour class of users who may have one of those very sluggish 
demand-indicators installed. He suggests that they might escape 
having to pay the correct amount due to their investment, but I submit 
that with the ordinary method on which the tariff would be arranged, 
i, a large price for one hour рег day and a smaller price 
Subsequently, these customers would never really come on to the 
lower price. By hypothesis in no case do they exceed one 
hour per day for one or two months; and as they have to pay a 
certain number of units at 7d. or 8d. equivalent to one hour's daily use 
during the Aalf-vcar, they would never be in danger of getting on to 
the lower scale. Iam not in accord with his suggestion of introduc- 
ing a new method of central station supply in order to meet this one 
class—that is to say, the use of a battery during the peak. Obviously 
also it would be with. difficulty applicable to an alternating- 
current station. The importance of getting such a price from each 
customer as to cover his share of the standing charges and an adequate 
return for the capital invested cannot be too strongly insisted upon. 
You have a very good object-lesson in that respect in the great 
water-power stations in the North of Italy, where the tariff is usually in 
the following form. The large factories which take electrical power 
from the mains are charged at a rental of so much per kilowatt de- 
manded, and no other price is required from them for their consump- 
tion. In cases where coal is very cheap or where the running costs 
are very small some similar system might be adopted; in fact, it 
would be far more reasonable to have a system of that kind for power- 
distribution charges than to have a flat rate. I know of one instance in 
a German electrical power-distribution scheme in Silesia where the 
following tariffs are adopted : There is a rent-charge made per kilowatt 
demanded, which includes the whole of the investment charges on the 
central station, together with 8 or 10 per cent. of profit which is added 
for the shareholders' dividend. The whole of the units supplied to each 
customer are sold at absolute cost price, which amounts to about four- 
tenths of a penny. This is somewhat disadvantageous, because it does 
Dot encourage the development of that custom which Mr. Wright has 


Mr. Dick. 


Mr. Dick 


Mr. Boot. 


498 WRIGHT: THE PROFITABLE SALE OF [Dec. 19th, 


indicated in the lower part of diagram 1o, where the 6-, 7-, and 8-hour 
users are a class of people yielding a very much better return on their 
investment by employment of the Brighton differential tariff than 
those with a smaller daily consumption. The form of tariff in use 
in the German station emphasises, however, very strongly the im- 
portance of protecting the capital invested in the undertaking. 1 think 
in a general discussion on this subject too much stress is frequently 
laid on the consumer's objection to being charged in this way. It is 
not a matter of the remotest interest to him that the undertaking is a 
loser by supplying him at a fair price. Naturally enough, he simply 
wants to get it at the lowest price possible. But to offer a consumer 
with a bad load-factor an alternative rate in conjunction with a dif- 
ferential tariff is just as sensible as offering to sell an article costing 
eighteenpence at two alternative prices of 2s.and 1s. Obviously the rate 
of 1s. would be eagerly accepted. I think, also, there is a tendency 
to generalise too much from the results of one small central station. 
During this discussion Mr. Highfield has referred to the little town 
of Stafford. I think the conclusions to be drawn from a state- 
ment of that kind are very weak indeed, because after five years’ 
running they only now sell 200,000 units, and that at a loss of £500. 
Mr. Wright has justly acknowledged very fully the work of Dr. Hop- 
kinson in connection with the subject which he has brought before us ; 
but we all recognise that it is due to Mr. Wright's great enthusiasm and 
his work during the past seven years that such progress has been made 
in this country in the cheapening of electrical supply. 

Mr. H. L. P. Boot: In the town I represent we have had at times 
very nearly all the systems in use. We started with a flat rate, and 
found it a failure. We then went on to so many units per lamp, for the 
reason that I objected in regard to the demand-indicator : first, to the 
extra cost per consumer; secondly, to the repairs and maintenance 
incidental to its use ; thirdly, to the cost of setting it ; and, fourthly, to 
the fact that consumers dispute its accuracy, and consider that the 
Board of Trade should certify the same. However, in spite of all those 
difficulties, we finally decided to adopt demand-indicators, simply 
because of their convenience. It is, in my opinion, the only and the 
best system at present employed. 

I need not dwell on the advantages of the system, they are so fully 
dealt with by the author ; but at the same time I should like to empha- 
sise the fact that he says nothing about the disadvantages, and these, I 
am sorry to say, in many cases are very serious, and require very great 
consideration on the part of the engineer. We are doing the consumer 
a great benefit in adopting the demand-indicator system, but my advice 
to engineers, so far as their own comfort is concerned, is to leave it 
alone. Mr. Wright on one page of his paper mentions that the system 
should be properly explained to each consumer. He is fortunate in 
having a great number of able assistants, and probably he finds that, 
their time is well occupied in this matter. However, although I may 
criticise the system, it is simply with the object of trying to attain 
some other system of charging which will have all thc advantages of 
the demand-indicator system and minimise its disadvantages. It appears 
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to me that the demand.indicator system does not take account of the 
hour of the maximum demand, and that is essential. For instance, 
on page 463 the- author gives the analysis of chayges to the revenue 
account for the Brighton electricity undertaking. He shows that the 
interest and sinking fund on the whole, amount to £18,312, and he 
charges that entirely to preparation costs; and he reckons that the 
consumer, no matter at what period of the day he demands his amount 
of electricity, must pay for that amount. Now it is obvious that if that 
consumer requires his demand, we will say in the afterneon, or at some 
time when the maximum demand is not on, although he may only 
require that demand for half an hour or less, the station will not 
be put to any further expense whatever, and therefore it will pay 
very well to charge him a lower rate than 7d. for that half-hour. 
Further, it appears to me that what we want is a meter which will 
read, perhaps, on the basis of one hour per day, or whatever charge 
may be arranged, at the higher rate, that hour to be counted only 
during the time of maximum demand, and to charge at the lower rate 
during any other time, no matter what the consumer's demand may be 
at other hours, provided it does not coincide with the period of demand. 
I am told that there is already an idea of putting that suggestion into 
practice; that is to say, a time-switch has been devised which will 
arrange to charge on the more or less antiquated Kapp method. The 
time-switch will only charge those consumers at that rate during the 
hours of maximum demand, and if the consumer requires his maximum 
demand at some time when it does not overlap the electricity works 
demand he сап have it at the cheap rate. It is clear, therefore, that what 
we want to do is to encourage consumers during all hours except those of 
the peak. I notice also on page 463 that the charge for coal given in the 
preparation costs appears to be extremely high compared with the total 
coal costs. I have taken out my own figures very carefully on a very 
similar basis, and I cannot get the preparation costs of coal at anything 
like 50 per cent. of my total costs. Sothat although admitting that the 
System is the best, I think the author has made out, I will not say an 
exaggerated case, but certainly a very strong case for adopting it. I 
think that some of the figures may be toned down considerably, and I 
should transfer several items from the second to the first column. 
It would not affect the case generally, except that it might have 
the effect of altering the time-factor. 

With regard to diagram го, I think it is the first time I have ever 
seen a diagram plotted in that way, although since then I have tried 
many. Has the author left out any class of consumers? Because it 
wil make all the difference to the demand if a certain class is 
eradicated from the diagram. I find that the chart for the Tunbridge 
Wells works gives 1'5 hour daily as the top of the peak; whereas 
Brighton shows the larger number of consumers burning for two or 
three hours daily. [Mr. WRIGHT: Five hundred is the number of each 
class, not the total number on the station, and all our consumers are 
included in that.] One thing the author mentions is very important, and 
I do not think it has been generally realised, viz., that the present system 
of charging for free wiring is a failure in the direction of inducing con- 
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sumers to come on the mains. If you charge a price per unit you will 
undoubtedly find, as we have found, that it stops consumers putting in 
lamps or using much electricity by those lamps ; it is far better to 
charge by another method, as the author suggests. 

Mr. L. J. ARON: Mr. Wrights paper demonstrates the stages 
through which the electric light industry has advanced. The resultsat 
Brighton now placed at our disposal show that our power-station 
managers have only been having small skirmishes with the outposts of 
the gas industry, and now Mr. Wright seems to have sounded the battle- 
cry for a general attack. It may be news to some that a gas company 
collects over two hundred and forty tons of coppers in one district in 
the South of London in one period alone, and they have to employ 
special brokers to get rid of the coppers amongst tradesmen. In 
dealing with 5- and 6-light consumers, I think Mr. Wright has not laid 
sufficient stress upon the point that during the three hours that such 
consumers use their lights, they would generally use nearly all of them ; 
in fact in such small installations all lamps are practically long-hour 
lamps. In small houses and flats I do not think there is the same ten- 
dency to insert a light unless it is absolutely wanted, and if this is so 
the demand-indicator could be eliminated. I would suggest for con- 
sideration elimination with such small consumers of both the maximum 
demand-indicator and the meter. It need not be feared that such 
consumers will demand a meter, and it is only when such a meter is 
asked for that power-station managers are compelled to insert them. 

I should suggest utilising a time meter electrically driven on the 
pre-payment system. Such a meter can be made in the case of a six- 
light consumer, to register twice as slowly if only three lights or fewer 
are used. The consumer would have to put in before the end of the 
quarter the amount corresponding to the annual rent of 7s. per lamp, 
and, where the installation has been done free of cost, the proportionate 
payment for the installation. If the collector does not find this money 
in the box when he calls, together with the necessary number of pence 
corresponding to the hours the lamps have been used, the light can be 
immediately disconnected. Such a pre-payment hour meter can be sold 
considerably cheaper than the demand.indicator with the meter, and it 
would serve the additional purpose of collecting accounts. It would 
also have the advantage of consuming practically no power. The 
consumer who demands a meter can be made to pay the extra cost of 
its installation until it is paid for. The cost of maintaining the meters 
seems to me to be one which should be capable of reduction, and it 
appears that it is undoubtedly the correct principle that the consumer 
should pay for the cost of maintaining the instruments, if not too 
heavy. 

In dealing with the various other classes of consumers which Mr. 
Wright has so ably classified, the necessity for permanently installing 
the maximum demand-indicator does not seem to be proved. In a 
great number of shops, and certainly in most residential districts, the 
maximum demand becomes a standard figure, and although this figure 
cannot be estimated previously, at the end of the ycar the maximum 
demand-indicator remains as dead capital to the consumer. In 
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increases from the corresponding quarter of the previous year, the 
total amount registered will more generally be due to an increase in 
the length of hours rather than in the maximum demand. It should 
not be impracticable to insert the maximum demand-indicator only as 
a guide to results, and having obtained that guide, to allow it to be 
removed and used in another consumer’s premises. It may be of 
interest to central-station managers to know that the system I have 
proposed for the very small consumer is now in daily use in various 
parts of the Continent, and I believe with considerable success. 

Another suggestion I should make in substitution of Mr. Wright's 
proposal to cut out the maximum demand-indicator during the hours of 
non-peak, which would be an extremely expensive method, as a satis- 
factory time-switch, such as Mr. Wright speaks of to guide the main 
circuit, could not be economically produced. Atwo-rate energy meter, 
or really a three-rate meter, could be constructed, which would read at 
one rate on light loads throughout the day ; it could then be slowed 
during the hours of поп-реаҚ оп heavy load, and could be made to go 
faster during the hours of peak with heavy load. This would serve all 
the purposes for the special consumer to which Mr. Wright refers, but 
if necessary the demand-indicator could be temporarily inserted to 
control the mean maximum demand. In a recent correspondence in 
America on the same subject as is now under discussion, a similar idea 
was mooted in the Electrical Times as being a correct method of solving 
the difficulty.. An instrument could also be economically produced оп 
the two-rate system, but reading hours only. 

Mr. Wright’s proposal of allowing a consumer one or two un- 
measured demands per month seems to me to be an extremely difficult 
matter to adjust. 

Mr. Wright’s paper has demonstrated, I think, to the manufacturers 
the possible requirements of power-station managers, as well as having 
demonstrated to power-station managers the possible developments 
which should satiate the appetites of the most ambitious. 

I would like to call attention to three other passages in the paper. 
On page 445 the assumption contained in the second paragraph that 
the load-factor has been increased owing to the use of the Wright 
method is Шизјуе ; it is not fair to attribute the increase entirely to this, 
for in nearly every other central station the load-factor improves 
whether the Wright method is used or not—for instance the St. James’s 
and Pall Mall Co. 

Again, to quote (page 446) a higher evening rate and a low day rate 
can not only have the effect of making the consumer economical with 
light during the station’s heavy load, but does, as a matter of fact, 
materially increase the number of lamps installed in kitchens, passages, 
and bedrooms. 

Finally, the use of the sluggish indicator has the effect of enabling 
a large consumer, theatre proprietor for instance, to use a number of 
lights for sixty minutes every night without affecting his quarterly bill 
materially, but if he uses it for sixty-one minutes he will have to pay 
a higher average price for every unit consumed during the quarter, 
Which of course is absurd. 
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Mr. L. ANDREWS: We have had the demand system in use at 
Hastings for about six years, and after what has been said by a number 
of speakers you will probably be surprised to hear that we are still in 
favour of it, but we do not believe in carrying it toofar. I myself think 
it is a mistake to attempt to use demand-indicators for all consumers. 
There is no doubt we all agree that there are certain consumers we can 
afford to supply at very much lower rates than others. For instance, 
people using their lights for five or six hours a day can undoubtedly be 
supplied at a lower rate than those using lights for only one or two 
hours a day; but I do not think we ought to go beyond that. We 
ought not to discriminate between consumers using their lights an hour 
a day and those using them two hours a day. If you use your demand- 
indicator only for consumers who use their lights for over two hours 


Quarter ending. 
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per day, and fix your price so that it will only attract them, you will do 
away with the expense of having so many demand-indicators. I also 
think you ought not to attempt to force any demand system upon con- 
sumers. My experience is that if you give them the option of a system 
they will take to it much better. 

There is one defect in the Brighton system which I think no speaker 
has yet touched upon. І referred to it myself in a letter to Lightning 
about five or six years ago, when everybody was thinking of demand- 
indicators. It is the irregularity of the accounts. The curve —-—- 
in Fig. B. shows the consumption per quarter of one of our actual 
consumers at Hastings (for instance, this consumer used about 7,000 
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units in the September quarter, 10,000 in the December quarter, and 
soon). Now under the Brighton system, in the September quarter 
he will be required to pay, perhaps, for half of these units at a high 
price and will get the remainder at a lower price ; the result is he gets 
a heavy bill for a small consumption, viz., a charge of £155 for 7,000 
units. Then in the December quarter he uses more units (10,000 as 
against 7,000); but he will get them all at the low rate, and, as a con- 
sequence, his bill will only come to £68; that is to say, he uses many 
more units but he only has to pay £68 instead of £150. He naturally 
thinks that the more units he uses the less his bill comes to ; and a 
great many people who are accustomed to this system of charging 
actually believe that. Then in the March quarter he uses only 9,000 
units, but his bill now comes to £170. The full-line curve ( ) 
shows how the quarterly accounts vary under the Brighton system. 
Of course, Mr. Wright will say that a consumer gets used to that ; but 
imagine the effect of it on a man who is taking over a business! 
Supposing the proprietor of this business gives it up at Christmas 
time; a new proprietor comes in, and he wonders what his lighting bill 
is going to be. He looks up the previous quarter's bill, sees that it is 
£68, and thinks if he sets aside £70 he will be all right. When his 
bill comes in he finds that it amounts to £170, and he is naturally very 
indignant about it. We found this difficulty after we had had the 
demand system in use about nine months, commencing in July ; the 
consumers absolutely refused to pay their bills, and my directors said 
that we must go back to an ordinary flat rate. There were a great 
many advantages in the demand-indicator system, and I did not like 
quite giving it up, so I got them to allow me to modify the charge. 
I pointed out that all we wished to do was to charge every consumer 
a fair proportion on the interest and sinking fund, on the cost of the 
plant necessary to supply him, and other stand-by charges. It seemed 
to be a great mistake to worry consumers with questions of amperes, 
kilowatts, and varying rates per unit, when it would be very much 
more simple to charge them at so much per lamp to cover these 
stand-by charges. Everybody knows what an 8 c.p. lamp is, and if you 
work out just what your stand-by charges are per lamp you can tell 
exactly the figure. We find at Hastings, at the present time, our 
stand-by charges are about 105. per 8 c.p. lamp, and the cost of current 
in addition to that is about 13d. per unit. What we do at Hastings is 
to announce that our price for current is 6d. per unit, but that if any 
consumer likes to pay the interest and sinking fund on the capital 
necessary to supply him, and the other stand-by charges, we will supply 
him with current at 14d. a unit. My Committee, who favoured a flat 
rale, said that I was on no account to endeavour to force this charge, 
in fact I was to say nothing about the lamp charge. I was merely to 
say that the charge was sixpence a unit, but that anybody using his 
lights more than two hours a day might get his current at a reduced 
rate. People came to me and asked what this lower rate was, and 
I told them that if they liked to pay ros. per annum per 8 c.p. lamp 
in use at any one time, payable in quarterly instalments, they could 
have as much current as they liked at 14d. per unit. There was not а 
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single consumer who had the slightest difficulty in understanding it, 
and during the present year we shall have sold over 400,000 units upon 
this basis without asking a single person to adopt it. 400,000 units 
represents about 65 per cent. of our total current. We have a very 
large number of consumers who use their lights for an hour or two 
hours a day, and if these people ask about the reduced price I tell 
them that the system is of no use to them. It is, I think, quite im- 
possible to get the exact cost of supplying consumers. For instance, 
a four-hour consumer who lives about three miles from our station 
might cost more per unit to supply than a one-hour consumer within, 
say, a quarter of a mile. [Professor PERRY : Did you say 105. a year 
perlamp?] Yes. Of course that is very high, but you must remember 
that the Hastings electric light concern has been going about eighteen 
years and it is very heavily capitalised, but this charge enables con- 
sumers to get their current at 14d. a unit, and the average price paid 
by long hour consumers is only 344. per unit, which is by no means 
high. The dotted (......... ) curve in Fig. B. shows the amount that 
the consumer referred to above pays under our present arrangement. 
It bears some sort of proportion to the current, and does not go up and 
down like the Brighton curve does, though the total amount paid per 
annum is exactly the same under the two systems. 

Mr. W. L. Марбех : Those who have advocated the principle of the 
maximum demand basis of charging have brought forward distinct 
evidence in its favour, while the objections to it for the most part have 
consisted of vague apprehensions. We may take Mr. Mordey as a type 
ofthe objectors. He said he did not understand the system, and tothat 
extent I am disposed to agree with him. I propose to give you some 
information as to what the effect of the form of tariff has actually been 
upon supply-station results. During the past year I have taken pains 
to extract from such sources as were available the variation of the load 
factors from year to year for different electric supply stations, and that 
evidence has satisfied me that the maximum demand basis of charging 
is justified by results. As two instances I may quote Portsmouth and 
South Shields. I cannot give you many examples in the limited time at 
my disposal, but I may tell you that I am quite satisfied that the 
maximum demand basis of charging has a marked effect upon the 
commercial and profitable development of the electricity supply 
system. In Portsmouth they have since the commencement charged a 
uniform price; it is now, I think, 44d. per unit. It is just as well to 
ignore the load factor during the broken period of the first year, because 
the business has not usually settled down by that time. The load factor 
in Portsmouth in 1896-7, the second year of operations, was 14°51 per 
cent., and it has been steadily getting worse. In rgoo-1 it was 12'07, 
a decrease of no less than 24, which is, of course, a very serious thing. 
In South Shields, also a shipping town, where they have steadily 
adhered to the maximum demand-indicator system since they 
commenced operations, the load factor in 1898-9 was 10°88. There 
has been a steady increase each year, and for the period ending March 
last it was 1224, an increase of close upon 14. I will give you two 
examples from London, which will be sufficient for the present. In 
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Islington, where they adopted the maximum demand-indicator system 
from the commencement, the load factor has increased from 9:82 in 
1897 to 15°31 in the period ending March last, an increase of 54. 
In St. Pancras they started with a flat rate, and in 1893, the second 
year of operations, the load factor was 19°74. They adhered to that 
flat rate until 1896-7, at which period the load factor had decreased 
from the figure I have mentioned to 1174, a very marked drop. They 
then adopted the equitable basis of charging, and the load factor has 
since shown a steady increase ; it is now 15:00. Similar conclusions 
may be drawn from other examples, but there are variations—Edin- 
burgh, for instance, where they have had a flat rate, and the load 
factor has been tending slightly to improve, but that may be due to a 
large access of street lighting, or some other causes. Those of us who 
have studied the subject in the commercial sense know that the man 
who uses his maximum demand fpr the equivalent of only one hour per 
day throughout the year, who is, in fact, a short-hour user, actually 
costs 7d. per unit to supply from the average English station. If you 
һауе а uniform price and you sell the supply to such as him at 44d., 5d., 
or 6d., you are selling a commodity which is in common and increasing 
demand at something under cost, and the general experience has bcen 
in other trades that under these conditions you sell a very great deal of 
it! The result is you will get a rush of the most unprofitable class of 
customers that you can well have in a town. You get early-closing 
shops, offices, and places of that kind, and the more you get the more 
youlose by them, until presently you come to what I may term a tariff 
deadlock ; that is to say your long-hour consumers, whom upon an 
equitable tariff you could supply at a lower rate than 44d., are bearing 
as much as they can stand of the loss incurred by the short-hour 
consumers. You cannot decrease the price and you may not raise it ; 
but the difficulty will not cease there, it must soon tell upon the capital 
account. With those short-hour lamps, attracted rather than dis- 
couraged, you can with difficulty provide enough plant to meet the 
peak which they create ; it is a labour of Sisyphus trying to get your 
plant equal to such steep hills in the load curve. 

I feel that in fixing a tariff you have to do so with strict relation to 
commercial principles. If you are going to sell a commodity, whatever 
it may be, the price you charge must be based on the incidences of the 
cost of production—that is axiomatic ; and I prefer to adhere to such a 
principle rather than defer to the ignorance and prejudice of certain 
consumers. 

Mr. Т. H. MINSHALL: I do not wish to discuss the merits of the 
maximum demand system, because I think any discussion on that subject 
at the present time is almost as antiquated as a discussion on the advan- 
tages of electric light, but I do think that possibly some attention 
might be directed to the question of its expediency. There is no doubt 
whatever that this system is an exceedingly unpopular one with con- 
sumers, and I have it on good authority that even in Brighton itselt it 
is so. But that is an objection which should not weigh too heavily. 
The enthusiasm with which the profession has embraced this system 
indicates that the demand-indicator will have to be put up with. 
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Undoubtedly it has the effect of attracting (ће right class of con- 
sumers. We started at Croydon with a flat rate of 6d., with discounts 
to big consumers. We obtained many shops closing at seven o'clock, 
and a few public-houses, but no clubs. I found that we were steadily 
losing practically every long-hour consumer we had. We have in 
Croydon one of the best gas supplies in the kingdom, the President of 
the Institution of Gas Engineers being the manager of the gas works. 
We then went in for the maximum demand system with rates of 7d. 
and 2d. I am thankful to say that at the time we introduced the 
maximum demand system we effected a reduction of price. Our average 
price before was 6d., afterwards it was 434. I do not envy those 
engineers who have to change over without reduction of price. The few 
people who have to pay the 7d. give more trouble than all the people who 
get the 2d. unit. At the present time we charge 7d. and 2d., and give 
the consumers no option. When we introduced the maximum demand 
system we made it different from that at Brighton. There were one or 
two difficulties in that system, and we were foolish enough to think 
that if we had a system of our own we might make the people under- 
stand it. At Brighton and other places the public objected very much 
to the credit system of carrying over from one quarter to another. We 
decided to have every quarter on its own basis, and found out what was 
the proportion of units per lamp. The result is we charge our 
maximum rate for 14 hours in the winter and half an hour in the 
summer ; and the average price is about ro per cent more in the winter. 
The second modification we adopted was that we had scales put on the 
demand-indicator with the two rates, one on each side, so that a man 
could read his units at 7d. without applying to us. The third change 
we made in order to make the matter perfectly clear, was to issue a 
new form of account. The old form only did for one year, issuing 
our accounts for so many units at 7d. and so many at 2d., but there 
was a great trouble in consequence. The consumers all looked at 
the 7d. units, and could not see the 2d. units at all. They were 
all gettting a 20 per cent. reduction, but they did not take that 
into account. The next year we varied the system. I got out a 
hyperbolic curve, and worked out all the currents on the average. I 
then stated on the bills, so many units at the average price, say, 
42d. and then in very small figures underneath so many units at 
7d. and so many at 2d.; and the number of complaining letters fell 
from 250 a quarter to about fifteen or twenty, simply because I quoted 
the average price instead of stating the actual figures. We have con- 
tinued to use this system and our load factor has improved, but it is 
very difficult to ind how much of that is due to the demand.indicator. 
We have both traction plant, and we also have much public lighting, 
which assists us materially. 

The author has mentioned another most important point. On 
Diagram 3 he shows that it does not pay to use the most economical 
plant for the peak. That is a most important thing, because so many 
engineers in designing stations choose the wrong sort of plant. One 
man puts in a slow-speed engine with super-heaters ; another man 
sometimes with a very big load factor indeed, perhaps with a traction 
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load, will put in uneconomical engines, and will not take the trouble to 
put in super-heaters or economisers, Mr. Wright has shown us when 
it pays us to put in super-heaters and condensers. This is one of the 
most useful diagrams which has been submitted. There is a very 
interesting example at Edinburgh, where a station has been put down 
for the winter load only. It is a big station where they have no 
economical plant, no economisers, no condensers, and I do not think 
they even have super-heaters. They have put a plant down simply to 
run for the winter, and it would not earn the interest on economical 
plants. 

There is one other point I should like to allude to, as it seems the 
fashion to mention systems. I had a German meter which I was asked 
tobuy. It had iron inside. We put it on the mains, and we found 
that this meter went very slowly in the day-time and very fast during 
the evening. I did not understand why. We looked into it, and we 
found that in the day-time the load on the mains being practically 
all transformers, with a few lamps on, we had a very jagged wave- 
form, but in the evening we had nearly a sine-curve wave, because 
there was a higher power-factor upon it. The result was the best 
automatic system I have ever seen. 

Mr. HENRY R. BEETON : І had no intention when I came here this 
evening of speaking, but I have listened with interest and atten- 
tion to the previous speakers, and from their observations it occurs 
to me that perhaps electrical engineers do not devote sufficient 
attention to the commercial aspect of electric lighting. I believe, 
to use an expression of Mr. Wright himself, that it is much mote 
important to devote attention to securing the efficiency of capital 
than the efficiency of plant. What we want to do is to promote the 
success of electric lighting, and to that end we require to sell as much 
of it as possible, provided always that we sell it at a profit. Now, so 
far as I have been able to ascertain, the tariff system advocated by 
Mr. Wright is the one best calculated to secure that result, because it 
enables us to regulate the price according to the varying cost of pro- 
duction to each consumer. In other words it ensures, in the nature of 
the tariff itself, that no consumer shall be supplied at a loss, and that 
all consumers shall be supplied at a reasonable profit, which is, 
after all, the sound basis upon which all commodities in the ordinary 
course of competition are sold. I should like further to say that it 
appears to me to be no objection to the tariff system advocated by Mr. 
Wright that it is not a perfect system. It is perhaps inconceivable 
that any system should be perfect, and all we can reasonably expect to 
find is one which presents comparatively few objections. I con- 
fess, however, that I am not able to find much sympathy for the 
objections which have been urged this evening. One speaker, Mr. 
Boot, said that he thought the object in view should be to encourage 
consumers during the light load, which is as much as to say that we 
Should encourage consumers to take electricity when they do not want 
it. But, surely, a man who went into business with the object of 
encouraging people to buy a commodity when they did not want it 
would not be likely to do a good trade. Imagine, for instance, a 
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producer of coméstibles who should offer men food after they had 
dined ; and is not the producer who offers electric light during the 
hours of sunshine in much the same case? Too much has been said 
this evening, in my judgment, in regard to the need of conciliating the 
prejudice of the consumer. What, I should like to know, do any of us 
understand of the rationale of the prices of 9o per cent. of the commod- 
ities which we consume? And what need is there that we should? 
Surely, what we want to do is not to conciliate the prejudice of the 
public, but to earn the approval of the expert ; and if our tariff is sound, 
if there is a general consensus of opinion that it will stand investigation, 
that isall that is necessary. One speaker to whom I listened last Thursday 
said that the great thing was to give the public an intelligible tariff, and 
that, after all, if some consumers were supplied at a loss it did not 
matter, because others were supplied at a profit, and that in the long 
run a flat rate answered very well. His remarks reminded me of the 
story of one judge happening to meet another on their return from 
Circuit, and asking the other how the Assizes had gone off. To which 
the reply was: “ Oh, they went off very well; sometimes the verdict 
was given for the plaintiff when it ought to have been given for the 
defendant, and sometimes the verdict was given for the defendant 
when it ought to have been given for the plaintiff, but on the whole 
justice was done.” It is surely no satisfaction whatever to be told 
that if some people are supplied at a loss others are supplied at a 
profit, when what is wanted is to encourage consumption by reducing 
the price to all consumers as far as the cost of production will 
permit. Itis exceedingly difficult to lower the price of electricity to 
those consumers whose demand entitles them to a reduction with the 
certain knowledge that the loss at which other consumers are being 
supplied must be increased by so doing. "Therefore it appears to me 
that if proper consideration is really given to the broad commercial 
aspects of this tariff system, which is based, as I believe, upon 
thoroughly sound principles, it will emerge as amongst all others the 
one best calculated to meet the requirements of the industry. 

Mr. PERCY STILL: I thoroughly agree in principle with the state- 
ments of Mr. Wright, especially on the point of the fairness of what he 
calls the Hopkinson tariff. Mr. Wright throughout very modestly 
refers to this as the Hopkinson tariff. Of course we know that the 
principle is due to Dr. Hopkinson, but at the same time, if it had not 
been for the thorough manner in which Mr. Wright has taken up the 
question, the system would not have had the practical success it has ; 
and it certainly will be known in the future as the Wright system. 
The difficulty is, as several other speakers have already mentioned, that 
the principle can be carried too far in certain cases. I will only 
give one example, the case of the large early closing shops. In 
some of the West End districts we have a considerable number 
of these large business premises which close early, and which use 
the light perhaps only during six months of the year. Shops closing 
at about half-past six commence using the light in the month 
of September, and, after the end of March, or, at any rate, early in 
the month of April, thcy cease taking a supply altogether, unless 
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they have basement lighting. As against that there are frequently in Mr. Still. 


the same district residential houses in fashionable streets and squares, 
which really only commence to use the supply to any extent after the 
shops have ceased taking it, that is, as far as the period of the year is 
concerned, these are the large houses that are only occupied during 
the London season proper aftcr the end of the month of March, say 
till the end of June. The principle of this system is that every con- 
sumer should pay his proportion of thc capital charges before he 
obtains the units at the second price. In the case just mentioned the 
large shops have to pay these capital charges first. The same plant and 
the same buildings are used for supplying another class of customers 
at another time of the year, and these customers have to pay those 
capital charges per annum over again. I contend that under these 
circumstances it is possible to supply this second class of consumers 
profitably without charging an excessive first price. That is the 
only point I wish to touch on to-night—the question of a high initial 
price. I can see no reason why these consumers, who may be bad 
consumers from the point of view of the hours during which they use 
the light, cannot be supplied except at a prohibitory price. According 
to Mr. Wright's arguments, I understand he complains that the highest 
price which it is possible to charge at present in many cases in England 
is 8d. In my case we are in the happy position of being able to charge 
à higher price. Our statutory price is 10d. per unit, but we have not 
enforced that. price yet. I cannot see that it should be necessary to 
refuse the custom of short-hour consumers, or practically to refuse that 
custom by placing what would be a prohibitive price upon the supply 
required by those consumers. | 

Mr. REGINALD P. WILSON (communicated): The paper, which is 
an exceedingly interesting one, really resolves itself, so far as the dis- 
Cussion is concerned, into the question of the merits of two different 
Systems—the Maximum Demand System, with which Mr. Wright's name 
has been so long associated, and the Kapp two-rate system. It is quite 
conceivable that I have not the same idea as to what this latter system 15 
as Mr. Wright, and, therefore, I should like to preface my remarks by 
Stating that my understanding of the Kapp system is that the registra- 
tions of the meter are controlled by a clockwork mechanism of some 
sort in such a way that the actual number of units consumed during the 
Period of say from 5 to 7 in the evening is registered accurately on the 
meter, but that only one quarter, or a half, or a third of the actual number 
of the units consumed is registered on that meter during the remainder 
of the twenty-two hours a day ; that is to say, that during the period of 
the peak of the load the total number of units consumed is registered, 
Whereas during the period of the day when little or no load is being 
Benerated by the station, only a fraction of each of these is registered. 

The total number of units ascertained to be registered on the meter 
at the end of the quarter is then multiplied by the rate to be charged. 
Thus at Dudley this two-rate system is in use, and the two rates are 6d. 
for the period of the heavy load and 14d. for the remainder of the time. 

Itis the business of all supply authorities to improve the ratio of 
Costs to revenue, and the quickest way to do that is admittedly to use 
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reliable, as distinct from superlatively efficient, machinery and plant and 
to get profitable consumers. 

As to the definition of what is a profitable consumer, there appears 
to be some difference of opinion. This difference apparently arises 
from a desire on Mr. Wright's part to consider them from the stand- 
point of what might be or ought to be rather than what is. 

In the second paragraph on page 455, Mr. Wright says that all con- 
sumers ought to be debited with the same proportion of standing-by 
charges as if all their demands were simultaneous. If you adopt the 
Maximum Dernand System you must assume this, and one cannot help 
thinking that in Mr. Wright's case the wish was father to the thought. 
This is a proposition which is to my mind indefensible. What we 
have to consider is whether in practice a consumer who takes no current 
between 5 and 8 p.m. actually adds to the total annual costs and, if so, 
to what extent. 

We are all agreed that such a consumer's units actually cost the 
station something less than a penny for consumable stores, but because, 
and I venture to say simply because, the Maximum Demand indicator 
cannot discriminate between day load and peak load, the most profitable 
consumers are deliberately discouraged and no direct attempt such as 
the consumer can appreciate is made to prevent the overlapping of the 
motor and the lighting loads. 

The Kapp method does this effectually and presents no complication 
to the consumer, who can and does understand his position at once. 
He is told that if he runs his motor between 5 and 7 p.m. he must pay 
extra for it. On page 477 Mr. Wright charges Mr. Kapp with under- 
rating the value of artificial lighting business, but there is no real 
difference between Kapp and Wright except that Mr. Wright has to 
put up with his overlapping loads and professes to like it, whereas, 
while agreeing with Mr. Wright that artificial lighting at the period 
of peak is profitable at 8d., Mr. Kapp contends that the absence of 
overlapping makes it more profitable still. 

On page 477 again it is suggested that 8d., if charged by Kapp isa 
prohibitive price, but there would appear to be no difference between 
Wright's 8d. and Kapp's. I think this statement must be what Mr. 
Wright calls a “by-product.” To the average consumer the only 
thing that matters is the average price; in Wright's case this average 
is based on an imaginary ratio of cost to revenue, in Kapp's the actual 
ratio is taken as the basis. 

I should like to add that I cordially sympathise with Mr. Wright's 
lamentations on page 455 as to “ hazy ideas," but he has omitted one of 
the haziest. There are some authorities who partially carry out the free 
wiring as Wright suggests, but do so in such a way as to add to their 
peak and discourage any other consumption. 

There are two companies who have undoubtedly increased their 
clientele by putting in free wiring for six lamps in selected positions, 
such as two in the dining-room, three in the drawing-room, and one in 
the hall. At first sight it would appear that their action is wise because 
some of them will be long-hour lamps, but in practice it is found that 
consumers who have had wiring given to them for the principal rooms 
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will not and do not go to the expense of wiring their other rooms. 
This system undoubtedly benefits the station to some microscopic 
extent, and it is conceivable that there may be districts in which the 
residences are largely composed of small flats where such a system 
would be very beneficial and would tend to improve the load curve 
but it altogether misses the most profitable consumer. 

The most profitable consumer is the one who takes his supply at the 
lowest point in the load curve, and Kapp’s method as used at Bristol and 
Dudley offers him more encouragement than Wright's, because to take 
an extreme case of two consumers charged, say, 7d. and a 1д., each 
taking one hour's supply at eleven o'clock in the day, the Brighton 
consumer pays 7d. per unit and the Dudley consumer pays та. рег 
unit, although these consumers are the very ones Mr. Wright aims to get 
at as they contribute to the increase of the diversity factor, but in the 
case of all consumers who contribute to the diversity factor the 
Brighton average must be higher than the Dudley average, and as 
already stated it is the average price that the consumer thinks about. 

The Maximum Demand Indicator method is admittedly very 
complicated, and is surrounded by a halo of mystery and mathematics 
(see page 481). I think we should all like to hear Professor Kennedy's 
views on the subject, as in spite of his having originally suggested 
the use of something in the nature of a Maximum Demand Indicator, 
he does not adopt it, but commits some of the enormities which rouse 
Mr. Wright's righteous indignation. 

The price of every commodity except gold is governed by the 
ratio of supply and demand, and I think the same should apply to 
electricity supplied at Brighton. I think also that if Mr. Wright will 
look upon the question from this point of view, he will agree that 
there is some force in this contention. If his theory were correct, 
the coal merchant would be justified in charging him for coals at a 
price based on the assumption that his demand for coalis created at 
the period of the peak, or, in other words, when coal isat its highest 
price ; and I think if we applied this argument to Mr. Wright himself, 
he would quite see that there is no justification for his statement that 
he is entitled to buy coals on terms which differ from the condi- 
tions under which he is prepared to sell what he makes out of his 
coals. 

Mr. Wright on page 483 says: “ It must not be forgotten that there 
is considerable administrative economy in having one rigid tariff." I 
am inclined to think that anybody who has once used the Maximum 
Demand Indicator is never likely to forget that. He further on infers 
that the system in question involves a staff of clerks, and there is no 
doubt in my mind that it not only involves clerks, but they must be 
capable mathematicians ; in fact, I have heard it stated that the principal 
difficulty in the introduction of a Maximum Demand System of charging 
is that the majority of consumers have not been in their earlier youth 
educated in the differential calculus. 

Mr. L. H. HORDERN (communicated): Some years ago I had a 
controversy with Mr. Wright on the subject he has brought beforc us, 
and I am glad to see he now admits a third column in his distribution 
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of costs—the charge “per consumer,” and this allows that a small 
consumer costs more to supply than does a large one. 

Mr. Wright states his case very fully, but the gist of it is contained 
in his analysis of the Brighton accounts, and the soundness or other- 
wise of his views depends on whether the items mentioned in column 2 
are fairly divisible amongst consumers in proportion to their maximum 
demands. Now throughout his paper Mr. Wright assumes this propor- 
tion to be true; he does not once attempt to prove it, while he shows 
that there are many cases where it is not even approximately correct. 
Some two-thirds of the total in this column is made up of charges 
connected with capital, or with maintaining in working order the 
various items on which capital has been spent. I include in this 
interest and sinking fund, rates, taxes, insurance, legal expenses, and 
repairs to buildings, mains, and plant. Mr. Wright considers that 
these are not divisible either per unit or per consumer, but he does not 
show by what process he arrives at the conclusion that they are fairly 
divisible per k.w. of consumer’s maximum demand. 

Take the one item of capital expenditure, which of all others we 
should expect to find in this proportion, viz., plant. Mr. Wright admits 
that consumers’ maximum demands are not all made at the same time, 
and he suggests various ingenious devices for getting over the difficulty, 
but the mere fact that such devices are required seems fatal to his 
assumption. The demands of individual consumers, at the time of great- 
est call on the plant, may be anything from o per cent. to 100 per cent. 
of their maximum demands. Whole classes can be shown to vary from 
at least 70 per cent. to 100 per cent, depending on the proportion of 
each supplied. So that the maximum demand of an individual is 
clearly no criterion of the proportion of plant he obliges us to install. 
Land and buildings, again, depend, or should depend, not only on the 
needs of the moment but partly on the anticipated requirements of 
future consumers. The cost of mains—one of the largest items—is 
different for every consumer. It has scarcely anything to do with his 
demand, but depends principally on his position. The cost of meters, 
as Mr. Wright admits, is proportional per consumer, and the preliminary 
expenses cannot be apportioned per kilowatt. 

For Mr. Wright's system to work fairly he must prove that the 
capital costs of an undertaking are strictly divisible amongst the 
several consumers in proportion to their maximum demand. This 
he has not done yet. 

When talking of comparing one station with another Mr. Wright 
says: “Capital costs, being roughly in proportion to the maximum 
load provided for, the length of streets supplied with distributing 
mains, and the number of consumers connected cannot be properly 
calculated solely on the basis either of units sold or on the maximum 
load in kilowatts with which they have no simple relation." 

I maintain that this is equally true when comparing different parts 
of an area supplied from one station, or one consumer with another, 
and that the best way to deal with capital costs is to charge them as a 
percentage on the total working costs, the only practicable way to do 
which is by means of a discount to large consumers. 
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There are other items in the analysis of the Brighton accounts 
which I think should be differently placed— printing, stationery, and 
current expenses are far more nearly proportional “per consumer" than 
per kilowatt. I will not presume to criticise the division of coal, repairs, 
and stores, but if two-thirds of these are chargeable per unit, a pro- 
portion of salaries and wages should be charged in that way also, for 
the station will not work itself, and so large a staff would not be required 
unless the plant were running. 

Any sum which can fairly be apportioned per k.w. should be 
divided per k.w. demanded by the consumer at the time of the annual 
maximum load, and not per k.w. of the consumer's maximum demand 
which, occurring at a different time, does not bear the same propor- 
tion to the total of the maximum demands as his demand at the time 
of maximum load bears to this maximum load. Mr. Wright's scheme 
does not do this, and I believe it is far less fair than the scheme of 
giving discounts to large consumers. 

Professor R. H. SMITH (communicated) : If the subject of this paper 
had been the costs of generating and distributing electric current, 
nothing but praise could be offered in criticism of it. It seems to give 
a more broad-minded, thoughtful, and searching analysis of these costs 
than has previously been published. In this aspect of the paper, how- 
ever, two observations seem justified. On page 452 he divides the total 
“standbye " costs by the means of the last two annual maximum k.w. 
taken from the mains, and on page 448 he says that these costs “ vary 
roughly with the annual maximum load to be provided for." This is 
to make, in respect of capital costs, the same error as he protests so 
strongly against in respect of the whole costs. The capital costs and 
the total of his * preparation" costs—which latter, although including 
many items which are not “capital” are still nearly proportionate to 
the capital costs—increase really roughly by the straight line law 
I+ УУ, where I is an initial constant, w a constant factor, and W the 
above maximum kilowatt. Even after many years working I may still 
be quite as large as w W, and for a considerable period it is by far the 
largest portion of the whole. If it were admitted that w W is properly 
distributed among the consumers in proportion to their individual 
maximum k.w. demand, it would still remain questionable whether I 
should also be charged for in the same manner. 

On page 449 the author's “ production” costs are defined as the incre- 
ment due to making a given plant supply an extra unit. This definition, 
whether defensible or not, is an expedient which reduces as far as 
possible the proportion of “production” costs to the whole. It seems 
adaring expedient, and it should be made clear that these costs so 
defined are not even approximately the whole of the working costs. 
Although on the same page the author states that he considers alone 
"the steady extension stage when additional plant and mains" are 
being annually put down, clearly the “extra unit" defining the “ pro- 
duction costs" does not require any such extension. But in this stage 
increasing demand involves such extension and along with it inevitable 
increase of working costs. His “ production” cost is that part only of 
the * working cost" which varies along with the load-factor. 
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A careful and correct analysis of costs of generation and distribution 
is the most essential stimulus, and the only safe guide, to economy of 
installation and production. In this analysis it is of prime importance 
to separate truly capital from working costs, the lesson derivable from 
the recognition of the great relative magnitude of the capital costs 
being almost at the basis of sound organisation. But to think that this 
analysis of central station costs furnishes a scale for charging customers 
which is just and politic, seems to me a seriously illogical inference. 

In regard to method of charging, the novel merit of the paper 
appears to lie in the introduction of the “diversity factor.” This is 
defined at the foot of page 455 in.very involved and obscure phraseology. 
To make it clearer the author’s sentence may be put in the form of an 
equation, thus :— | 

Annual Rate of Charge per maximum individual kilowatt 
__Total Annual Standbye Cost . x Max. individual К.у. in max. month 
— Annual max. k.w. off mains ” Max. k.w. off mains in max. month. 

This is the quotient of two ratios. The first is the old rate of charge 
before this was modified by the application of a “ diversity factor.” The 
second is the “diversity factor.” Mr. Wright says that in lighting 
work this factor goes up to 14, and in motor work may go much higher. 
A few calculations show that this factor might possibly vary enormously 
without any change in either the height of the peak or in the load- 
factor ; but how much it does actually vary can only be demonstrated 
by specially compiled central station statistics where the Wright 
system is in usc. But the introduction of this factor makes the com- 
prehension of the rate of charge needlessly difficult, the idea so 
expressed being a very complex one. A glance at the above equation 
shows that the divisors in the two ratios are really identical, and that 
they therefore cancel out from the result ; which is simply 
+ — Total Annual Standbye Cost. 

Annual Rate of Charge =--> Max, individual k.w. in max. month. 

This simplified form makes it at once apparent that this rate of 
charge is fair as among the consumers if it only be admitted that these 
standbye costs are to be distributed at all with reference to maximum 
individual watts. It simply means distributing them in proportion to 
the maximum watts taken individually. But at the same time it 
becomes equally clear that the “ diversity factor” is a correct measure 
of the injustice practised by the supply company upon the body of the 
consumers when the Wright scale is imposed, as has been the usual 
endeavour, without the application of this factor. Its introduction is 
a confession of the badness of the unmodified scale. If the factor be 
Ij as stated by Mr. Wright, it means that without its application the 
Wright scale would impose 50 per cent. too heavy a charge on account 
of capital costs. 

The scale is recommended as “fair” sometimes on account of 
capital outlay and sometimes as a necessary result of low load-factor ; 
and these two reasons seems to be considered as fundamentally one and 
the same reason. But capital outlay and low load-factor are entirely 
distinct things, having no necessary relation. With load-factor unity 
there still remain inevitable heavy initia] costs, With unit load-factor, 
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the author's “ production” costs would become zero becausc his “ pre- 
paration ” costs would cover the whole; not because the factor leaves 
no room for increase of output with a given plant, seeing that these 
preparation costs can be calculated as easily from a decrease as from 
an increase of output. In this extreme case, and in others approaching 
this case, the sum of his two costs would be greater than the whole 
actual cost: and although no near approach to such condition is 
possible, still this consideration proves that his analysis is rationally 
faulty. In fact his production costs per extra unit are independent of 
the load-factor, and his preparation costs are equally so. Yet the 
existence of low load-factor is put forward as the fundamental necessity 
or excuse for applying the scale, while the scale itself is adjusted in 
accordance with the relation between production and preparation 
costs. 

The question of “fairness” is the one that is usually argued. It 
ought to be understood that there is really involved no question of 
fairness as between the supply company and their customers. 
The consumers must, in one or other way, pay the whole costs, both 
capital and working, bcsides a reasonable profit, unless the shareholders 
go without profit. It will always be “fair” for the company to make 
as much profit as they can, and always “ fair” for the consumers to buy 
electricity as cheaply as they can. The only real question of fairness 
involved in this scale of charges arises as between the consumers 
among themselves. Yet the consumers never initiate any controversy 
on this subject viewed in this way. A consumer complains of the 
unfairness of the company, but not of being treated differently from his 
neighbour. 

The definition of the diversity-factor referred to above is a sample 
of the confused and obscure language employed by the advocates of 
the scale. On page 447 we find the “ cost of individually supplying the 
great majority of consumers." The logical meaning of this phrase 
could only be understood on the other side of the Irish Channel or the 
other side of the looking-glass. Again, on page 457, the author says that 
night-users only render standbye costs necessary, and that none of these 
should fall upon day-users, forgetting that the plant could not be used 
in the daytime without standbye expenditure, which is necessitated by 
its very existence. On page 447 he asserts that a consumer with a 6 per 
cent. load-factor costs “ always” five times as much as one with a 30 per 
cent. load-factor. This seems the climax of inaccurate thinking, and 
must have been written before the diversity-factor was invented. If he 
puts in his peak at the right time, the 6 per cent. consumer may cost 
the company absolutely nothing exíra in standbye expenditure. 

It all depends on how the consumers group themselves in timing 
their private peaks. If the diversity-factor were so great as to bring 
the load-factor near unity, then it would not matter anything to anybody 
whether the Wright or a flat scale were charged. But just in that 
Proportion in which the actual state of affairs recedes from this happy 
condition, you prove that the central station peak is not the result of 
individual idiosyncrasies, but is the result of the population being com- 
pelled as a body to obey certain physical laws of weather and season, 
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laws of common industrial and social custom, etc., etc., from which 
there is no possibility of escape. Causes over which the individual has 
no control whatever being the bottom reason for low central-station 
load-factor, why impose a scale of charges intended to punish the 
consumer for naughtily obeying these laws and to encourage him— 
necessarily in vain—to be good according to the desire of the central- 
station enginecr in disobedience to the laws of the universe ? 

Again, it is not the consumers’ fault that the load curve is not 
levelled down by the use of storage batteries. That is distinctly the 
fault of the engincers and of the makers of secondary cells. It is not 
safe practice to base your method of account-keeping upon the back- 
wardness of a particular department of science and industry. More- 
over, a recent excellent paper on the use of storage batteries showed 
that in certain circumstances purchasers by the Wright scale could 
profitably set up batteries in their private premises. If this be so in 
the present unsatisfactory stage of development of the accumulator 
industry, it seems unsound to conclude that their use in central stations 
may not probably be greatly extended in the future. 

Low load-factor is not special to the business of electric supply. 
Omnibuses and restaurants, for example, are used more at certain hours 
than at others, and their load-factors are low. But the standbye costs 
of the restaurant are not put in as a separate item on the bill presented 
by the waiter ; and the bus conductor does not ask payment for two 
tickets, one in proportion to the distance you ride and the other in 
proportion to the largest number of ‘busses you have ever ridden іп 
during one afternoon in that month of the year in which ‘busses are 
most crowded with passengers. Heavy initial outlay is also not special 
to this business. Coal and metal mines, gasworks, railways, cotton 
factories, farming, forestry, in fact, almost every form of industry, 
demand very large proportionate initial outlay before profits begin to 
be reaped. This system of charging has never been attempted in any 
of these industries, and would not be tolerated if it were tried. 

It is evidently an illusory idea that this scale can have influence in 
training consumers to cultivate a good individual load-curve. If it did 
so, the advantage might be questionable, because in that case probably 
most of the individual load-curves would be very much alike, with the 
result that all the peaks would be superadded instead of being to some 
extent distributed. It remains to ask whether the scale is politic. 
Does it frighten away consumers with very bad load-factors and 
attract those with good load-factors? Mr. Wright attributes the 
improvement of central-station load-factor at Brighton to the operation 
of the scale. But does not load-factor always improve as a community 
develops the habit of using electricity? May not the rise of load-factor 
be due to a combination of many causes? Mr. Wright, page 472, says 
that a flat scale must encourage consumers with low load-factors. If 
one of these used his current for an average of + hour per day, it would 
be a good thing to encourage him to use it 1 hour instead of i hour per 
day. Does charging him very high for this extra 1 hours supply 
encourage him to take it? In any case, I am sure that it is illogical to 
assume as a necessary result of slightly flattening individual curves, any 


1901.] ELECTRICITY : DISCUSSION, 517 


considerable flattening of the general curve got by superimposing 
these. It is illogical to assume that the cost of each individual supply 
follows the same law as has been ascertained to be true for the common 
generation at the central station. It is illogical to assume as rational a 
scale of charge for the individual supplies off the mains simply because 
it amitates the law of central-station costs. 

It is complained that the scale is unpopular among consumers 
because it is not easily understood. Is not the language in which it is 
described to consumers justly responsible for this difficulty? The 
straightforward, plain, and easily understood statement of the scale is 
a definite price per quarter per watt of maximum consumption plus a 
charge for the quantity consumed at another price per watt-hour. The 
usual description of “ 7d. per unit for the first hour and 2d. after the 
first hour” is not only misleading and certain to cause irritation when 
its misleading character is found out ; it is also, asit stands and without 
a lot of perfectly arbitrary explanation, absolutely incorrect. The words 
do not grammatically bear the interpretation forced upon them: they 
do not mean what they are meant to mean. In the course of the 
supplementary explanation, it is natural to be asked, Why 1 hour per 
day? Why 365 hours per year? No rational relation between the one 
hour per day and the physical facts of the case can be suggested, 
because it does not exist. If the description given to a prospective 
consumer were that he would be charged per quarter for 9r hours' 
consumption at the maximum watt rate which he has used only once 
for a single half-hour during the quarter, and this at the high rate of 
7d., and that the remainder of his consumption would be charged at 
2d., this would be correct and would be easily and at once understood, 
with, however, the probable result that the person to whom the 
explanation was given would no longer be a prospective consumer. A 
common consumer's idea is that if he uses one lamp during the first 
hour of each day's lighting and any number of lamps after the first 
hour, he will be charged one lamp-hour per day at 7d. and the rest at 
2d. ; and the official wording of the charge absolutely justifies him, from 
the grammatical point of view,in thinking so. The unpopularity of the 
scale is deserved by the fact that what appears to the consumer to be 
its harsh feature is carefully concealed in a form of words which is not 
only thoroughly misleading, but is also wholly unintelligible in the sense 
intended without extra arbitrary and illogical explanation. This deserved 
unpopularity is surely a complete answer to the question whether the 
scale is politic apart from the question of fairness. қ 

The application of the principle of the scale has already passed 
through three stages; it has reached the fourth; and the present 
development of electrical industry suggests a fifth. The first was the 
Hopkinson scale of an annual charge per lamp, or a lamp's equivalent, 
plus a price per unit of quantity. The second was the Wright plan of 
a charge per watt of annual maximum actual consumption in place of 
the watt capacity for consumption. The third was the basing the 
charge upon the quarterly, instead of the annual, actual maximum rate 
of consumption. The fourth has been the application of the “ diversity 
factor" to modify the harshness of the previous scales. It cannot be 
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denied that each of these changes has been in the direction of flattening 
the scale. Mr. Wright himself says that the introduction of a large 
motor supply increases the diversity factor much beyond the figure it 
reaches with lighting alone. It appears likely that when once supply 
companies have got well into the thick of what is to be the bulk of their 
future business, namely, the driving of motors in tramcars and in 
workshops and in private houses for ventilation and general domestic 
work, they will have already forgotten that they were ever tempted to 
charge on any but a flat scale, with the possible exception of a more or 
less heavy initial charge for connection to the main. 

Dr. C. V. DRYSDALE (communicated): Although Mr. Wright's paper 
more particularly concerns the power-station engineer, there is one 
point which he has not dealt with in his paper, and which I would 
venture to call attention to. The one thing which stands out through 
Mr. Wright's paper, and which of course must be thoroughly admitted, 
is that each consumer should be called on to pay his real share of the 
cost of production and distribution of his supply, and that where the 
consumer requires a supply which from its irregularity involves a large 
margin of power being available above his average demand, he should 
be asked to contribute to the expense of maintaining such a margin of 
power. 

Mr. Wrights system of tariffs appears at first sight to meet with all 
possible cases except one, and that is the consumer of power on an 
alternate-current circuit. At the discussion on Mr. Holden's meter 
brought before the Institution last session, I ventured to point out that 
this case was one which differed somewhat from others, in that where 
motors of low power-factor were used, the consumer might be taking 
only a small amount of real power although his consumption of current 
might be fairly heavy, and it has been stated that the production and 
distribution of the wattless current probably costs about one-fourth of 
the true energy current supply. Although the use of power on alternate- 
current circuitsis not as yet a very large factor in electrical distribution, 
yet there can be little doubt that in the future its magnitude will 
considerably increase, and it would be well if Mr. Wright would take 
this point into consideration as well. Of course, if a quantity meter is 
used instead of an energy meter, the consumer is debited with the total 
apparent powcr consumed, which is unfair to him, while if, on the other 


. hand, an accurate energy meter is employed, һе pays nothing for his 


wattless supply. 

One solution of the difficulty would appear to lie in using an energv 
meter together with the ordinary demand indicator registering a 
maximum current supply; but a better one, in the writer's opinion, 
would be to use an energy meter in which, instead of removing the 
inductance of the shunt as far as possible, a certain amount is intro- 
duced, which inductance, although it affects but little the readings of 
the meter at high power-factors, makes it read too high on lagging 
loads. If the inductance of this shunt is properly proportioned, its 
readings will give a fairly close approximation to the cost of supply 
over ordinary ranges, and it makes the meter more easy to construct, as 
the driving power may be considerably increased for a certain con- 
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sumption of shunt current. I think this is a point which deserves some D 


consideration, as recently we have been promised both by Mr. Heyland 
and Mr. Steinmetz alternate-current motors having practically a unit 
power-factor, and it ought to be made to the consumers’ advantage to 
employ motors of as high as possible power-factor instead of merely 
considering the efficiency. I think also that meter makers may be 
glad to be permitted to make their meters with somewhat inductive 
shunts instead of having to cut the induction down to the minimum 
possible. | 


Мг. G. MARINIER (communicated) : I have been greatly interested by М 


Mr. Wright's paper on a subject of such vital importance to the further- 
ance of electrical undertakings, and to the more universal adoption of 
electric energy as a means of obtaining heat, light, and power by the 
general public. I therefore hope that the present discussion will call 
forward some practical suggestion that will lead to the satisfactory 
solution of the present difficulty. 

Might I, however, be allowed to make a suggestion, which, although 
it may not satisfy all the necessary conditions, may perhaps lead to some 
more satisfactory solution of the problem ? 

Why not control the rate of the consumers’ meters automatically 
from the generating station by supplying each meter with an extra 
magnetising coil (or other suitable arrangement depending on the type 
of meter used) and exciting these coils by means of pilot wires from 
the station at a potential difference proportional to the actual load ; 
which could be effected by means of a small motor generator, or other 
suitably designed apparatus connected to the generating station switch- 
board ? 

It could be so arranged that at some predetermined maximum load 
the meters would read direct in Board of Trade units, and at all other 
loads below that maximum the meters would not read direct in В.Т. 
units, but in B.T. units multiplied by a decimal variable representing 
the facility with which the generating station supplied that particular 
current. The meters could further be supplied with an index reading 
on a scale graduated in pence per unit, enabling the consumer to see 
the rate at which he is paying for his energy at any time of the day. 

The consumer could then be charged at a constant rate determined 
from such data as suggested by Mr. Wright, which rate could further be 
modified in favour of the poorer and more profitable consumer. 

Mr. E. G. CRUISE (communicated): It would seem that the basis of 
Mr. Wright's important paper and of his original and exhaustive 
arguments depends almost entirely on the allocation of costs under the 
headings “ Preparation " and “ Production” on page 463. It is difficult 
to see that the allocation referred to can be looked upon as a rigid law 
by which to determine the proportion of costs in all other supply stations 
areas. For instance, in a 30 to 40 per cent. load-factor power scheme 
the allocation to “ Preparation" for coal, oil, wages, etc., ought to be 
much smaller. Experience has doubtless shown Mr. Wright that this 
apportionment of the costs is the most expedient one for Brighton, 
but I would submit some considerations relative to a few points arising 
out of the paper. 
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The allocations on page 463 seem in many cases really arbitrary, and 
when almost the entire burden of the “ Preparation” costs is thrust on 
the short-hour consumers, there results an argumentative loss in supply- 
ing these consumers below a certain figure. A tariff resulting from a 
suitable allocation can be made to encourage short-hour or long-hour 
consumers alternately, but the enforced application of a tariff based on 
page 463 cannot effectively encourage both at one and the same time. 

Of the mathematical equity of the Brighton tariff there can be no 
doubt. The question is whether, when you have to lay down a scheme 
in a town where lighting alone can be relied on, such a tariff is the one 
best adapted to the interests of the undertakers. I cannot see that it 
always will be во. The primary object of an Electric Light Supply 
Company, or of a Local Authority undertaking such supply, should be 
to attract the maximum of profitable business from the most abundant 
class. | 

Lighting consumers will always be short-hour consumers in the 
natural order of things. Artificial light consumers burning their lamps 
in residential districts will never exceed three to four hours average 
per day, or 13 to 16 per cent. load-factor, but the majority of lighting 
consumers come far below such a figure. Mr. Wright has, indeed, con- 
clusively shown in hispaper that at Brighton, after nine years’ working, 
the greatest number oficonsumers of a class is represented by the two- 
hour class, and the greatest consumption of electricity by the one to 
four hour class. Mr. Wright will correct me if I am inaccurate in saying 
that’ practically all this consumption represents lighting consumers. 
Further it is shown that at Brighton, 524 consumers (18 per cent. of 
the total nuinber) did not use their lights for one hour per day. This 
can possibly be attributed as much to the high price ruling for short- 
hour consumers as to the lamps not being needed longer. Taking the 
population of Brighton as 115,000, the total number of consumers of 
electrical energy represents only some 2:5 per cent. of the population, 
so that presumably there must yet be a very vast number of short-hour 
consumers available, but who will never come on to the supply with the 
present tariff because gas or other illuminant is cheaper. And yet if 
the so-called “ Preparation" costs were more equally distributed, a good 
profit might apparently be made from this abundant class, even if the 
rates for the comparatively longer hour consumers were in consequence 
somewhat higher. This is really the whole consideration which I 
present. The theoretical equity of the demand system and tariff as 
deduced by Mr. Wright from page 463 is unassailable, but it is rather on 
a power-supply basis. 

Is such a tariff the one which will secure the best commercial 
results if short-hour consumers are the most numerous? There are 
an immense number of towns in England and throughout the world, 
where the latter conditions prevail, and will always prevail. For 
such towns one might choose а different tariff, and a tariff calculated to 
encourage this class by the lowest rates possible instead of the highest 
rates conceivable. Moreover it must be remembered that the increase 
in profit made on consumers ranging within the one to four hour class 
is not so very great as to warrant a discouragement of the one to two 
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hour class, in exchange for an encouragement of the two to four hour 
class, if and when the one to two hour class is the very much more 
numerous of the two. The principle of attracting the abundant class is 
not, even in the case of electric light supply, a violation of commercial 
axioms. A dealer prefers to trade in a cheap article in universal 
demand with small profit on each sale, rather than trade in an article 
with far greater profit only patronised by a small minority. By keeping 
the price to the short-hour consumers in a lighting scheme, say the one 
to two hour class, at the figure arrived at by maintaining the conception 
of costs sct out by Mr. Wright on page 463, one would appear to be 
voluntarily excluding from custom a class which in certain towns 
abounds far more than the longer hour class. 

The question remains, could not the greatly increased business 
brought to the supply station by a more equal division of costs bring 
also in its train a profit which would more than make up for any trans- 
gression of the hyperbolic law of the ideally equitable system. The 
moment that power or really long-hour consumption becomes a 
really predominating factor to be dealt with, the arguments set 
forth by Mr. Wright in his paper must be upheld in their entirety, 
but in a purely lighting station in residential towns it might best pay to 
consider first low load-factor consumers. In a combined scheme the 
selection of the tariff must be adjusted in the interests of the more 
important and potentially profit yielding classes, and becomes neces- 
sarily more complicated. 

It would certainly appear that it will be almost impossible to 
formulate a universally expedient tariff. 

In conclusion I would like to thank Mr. Wright for his very 
valuable paper. 

Mr. ARTHUR WRIGHT, in reply (communicated March 13, 1902): 
It is evident, from the interesting and valuable discussion which my 
paper has called forth, that the majority of my critics consider the 
question of the profitable supply of electricity quite secondary to the 
necessity of having a tariff which will be either veryipopular to the general 
body of consumers, or consistent with the station engineers having an 
easy time ; in fact, the majority of the speakers have argued as if the 
title of my paper had been “Some Principles Underlying the Popular 
Sale of Electricity." 

Probably owing to my having attempted to crowd too much matter 
into one paper, many speakers either had not sufficient time to read it, 
or patience to go over some of the difficult parts more than once, with 
the result that a nuinber of the old stock arguments against equitable 
tariffs have been disinterred and warmed up again for the purpose of 
showing what has been recognised for some considerable time, viz., 
that the general public have a deeply rooted conviction that electricity 
can and ought to be supplied under similar conditions to gas. 

Many of the most essential points in the paper have been completely 
ignored in the eagerness of many to attack the Hopkinson theory from 
the point of unpopularity, e.g., no one has challenged my statement that 
a lower average price can be charged on the Hopkinson basis to 
produce a given total profit than on the flat-rate system, or that a larger 


Mr. Cruise. 


Mr. Wright. 


Мг. Wright, 


599 WRIGHT: THE PROFITABLE SALE OF (Рес. 19, 


amount of profitable business can be done with an equitable scale of 
charges than with a happy-go-lucky flat-rate system of making the 
good consumers pay the losses made on the bad. Again, I had hoped 
that some one would have discussed my suggestion of using very slowly 
recording demand indicators with the object of allowing for the large 
diversity factor among intermittent users of electricity ; and I regret 
that the discussion has not advanced the problem of determining the 
correct method for properly apportioning the profits among the various 
Classes of consumers. 

The most unfortunate omission in the discussion, however, has been 
in reference to the important question of the advisability of making the 
initial price per unit 8d., or retaining it at this figure ; that no discussion 
occurred on this point is very disappointing in view of the Board of 
Trade’s action of last year in suggesting the maximum allowable price 
should be reduced to 7d. or ба. in certain Orders. I do trust something 
may yet be done to demonstrate to the London County Council how 
unwise they have been in attempting to make the maximum price, in 
Bermondsey, for instance, anything less than 8d. This tendency is so 
much against the real interests of the ratepayers as a body, that I feel 
excused in emphasising once more the easily proved dictum that the 
higher the initial price is made, on the Maximum Demand System of 
charging, the lower the average rate can be made at which the majority 
of the ratepayers obtain their electricity. 

While I can readily understand the temptation to which many Town 
Councillors are constantly subjected to in the way of having to please 
their early-closing constituents by giving them an option of paying a low 
flat-rate and one probably less than the cost of supplying them, I cannot 
see how it can be to the interest either of a company or of a central 
station engineer to advocate the same commercially unsound practice. 
It seems tome that the very fact of any one doubting the expediency of 
refusing to sell except at a profit should be a fatal bar to his undertaking 
the responsible post of Manager to a Trading concern. 

In commenting on the supposed unintelligibility of the system of 
charging that I have always advocated, most speakers have lost sight 
of the fact that any departure from the simple Hopkinson tariff is 
entirely due to the unfortunate privilege Parliament has given every 
electricity user in this country of being charged, if he chooses, solely 
on the basis of the quantity of electricity consumed, and of making the 
minimum consumplion per quarter independent of the actual demand, 
If it were not for these two Parliamentary mistakes, which have led the 
people to believe electricity is a commodity similar to gas, no more 
complicated charge would need to be made than the modern telephone 
tariff. While granting that a charge of so much per unit is the acme 
of simplicity in electricity tariffs, I contend there will never be found 
any difficulty in getting consumers to understand the following form 
of equitable tariff : A monthly charge of 8d. for the first unit consumed 
by each 8-c.p. lamp used simultaneously, and 1d. per unit for any con- 
sumption in excess of this, during that month. 

The frequent use of very imperfect analogies to electricity, by 
Messrs. Patchell, Mordey, and others, has been another characteristic 


1901.] ELECTRICITY : DISCUSSION. 523 


of the discussion. Some speakers have thought that because a sliding 
scale has not been considered necessary for railways, omnibuses, 
restaurants, and coal supply, there should be no necessity for having 
one in the case of electricity supply, forgetting that every one now 
admits the soundness of having different rates of charge per unit for 
tramways, public lighting, motive power and private and basement 
lighting. After devoting some considerable thought to the subject of 
analogies, I am still very doubtful as to there being any other business 
trading under conditions at all similar to those under which electricity 
has now to be supplied. The three conditions that in my mind 
differentiate it from any other trade are— 

(1) The supplier having to produce electricity only as it is wanted, 
as it cannot be commercially stored, consequently his plant 
and mains must be governed by the maximum demand ever 
made. 

(2) That consumers will not wait for it, and cannot be prevented 
from taking it whenever they like. 

(3) The extreme smallness of the general diversity factor of 
its usc. 

Dealing now with the speakers in order, I must remind Mr. Patchell 
that none of us, either in the provinces or in London, have a monopoly 
in the sense that we can impose any terms on the people, as we all have 
to meet the competition of other forms of artificial light and power, 
and that supplying electricity under cost price in order to fight com- 
petition cannot be justified on commercial grounds under any circum- 
stances, whether by a company or municipality, when trading in only 
one commodity. Notwithstanding the very good load-factor the Charing 
Cross Company has still managed to maintain for its capital, it surelv 
ought to be a matter of some anxiety to Mr. Patchell to sec that his 
load-factor, which, according to Lightning's table, was 21 іп 1895, has 
diminished to 1877 in 1900, in spite of the output from his stations having 
largely increased, which, I notice, many of the speakers consider is 
generally the chief reason of a load-factor's improvement. The valuable 
annual load-curve Mr. Patchell has had prepared is useful, in con- 
junction with his annual accounts, for determining at what an extremely 
low rate the late users of electricity in his older districts could have 
hoped to obtain it, had their interests not been sacrificed by his 
Company for the benefit of the early-closing office customers in the 
City. Inafew years time, when his Company's City load has developed, 
I trust Mr. Patchell will present to the Institution the annual load-curve 
on his large combined undertaking, and will then express his opinion 
‚2з to the relative profitableness of two districts having such widely 
varying load-factors as those of the Strand and the City of London. 
His Company, in venturing into the City business with a low flat-rate, 
is certainly engaged in a very severe test of the soundness of the flat- 
rate theory, and no one will be more eager to discuss the subject again 
with Mr. Patchell than myself, after a few more years' development. 

I think Mr. Mordey's case of the East End wrangler who refuses to 
have electricity at 24d. per unit on the ground that he did not under- 
Stand a monthly charge of 7d. per lamp and га. per unit, is the most 
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delightful example of obtuseness caused by over-study it has been my 
lot to hear of. 

I feel certain that when Mr. Mordey can devote as much time to the 
reading of my paper as he has to the writing of his objections to my 
theories, and to the analysis of mixed-up statistics, he will not continue 
under the impression that the subject is beyond him. Moreover, he 
will find, should he get an opportunity of carrying on the business of 
electricity supply, that the general smallness of the consumers' annual 
bills is the real governing factor in determining the rapid extension 
of the business. ` 

Mr. Mordey's case of the church supply is useful in showing how 
an incomplete examination of the subject will sometimes lead us to 
altogether incorrect conclusions. There is no doubt that he is correct 
in assuming that on Sundays during the hours of divine service the 
demand for light in private houses is lessened, but I would point out 
that the amount of plant required at central stations is not determined 
by the maximum load to be met with on Sunday, but generally by the 
demand for current during the few week-days before Christmas, at 
which time churches are in the habit of requiring light for services 
without diminishing perceptibly the load required by the rest of the 
town. If churches never had week-day evening services, they would, 
in my opinion, be entitled to a low rate of charge, but my experience 
at Brighton has shown that the majority have, some time during the 
winter half-year, as large a load on week-days as on Sundays, and 
I, moreover, advocate charging a very low rate to those few churches 
which have no load during the winter week-days. 

As to the doubling of the Brighton load-factor being due to any 
cause other than the great encouragement given to the long-hour 
consumer, this is surely controverted by the fact that no other station 
with an equal lighting output, and charging for electricity on a flat rate, 
has in any way approached the Brighton result in this respect. 

I do not understand the curious passage in Mr. Mordey's criticism 
commencing with * the object of the system being to get at an average 
rate," and I should have thought that even Mr. Mordey, without having 
to read my paper, would have learnt that the only object of my system 
is to make the use of clectricity as general as possible, consistent with 
every consumer being a source of profit. Surely all Mr. Mordey's 
assertions to the effect that differential tariffs and demand indicators 


must keep down the use of electricity, are completely answered by the 


very extensive use of electricity in Brighton. 

As to the non-productiveness of demand indicators, I consider an 
instrument which tends to increase the profit-earning capacity of plant 
as very far from being of the non-productive class. 

In answer to Mr. Mordey's contention that the cost of demand 
indicators must prevent the poorer classes from getting electricity, 
I think I have proved that at Brighton and Stepney it is only by 
such a system that these classes are enabled to afford the use of 
electricity at all. 

With regard to the losses of the demand indicator having to be 
added to those in the meter, Mr. Mordey apparently has not read Mr, 
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Dick’s Glasgow paper on Meters, from which he would have learnt that Mr, Wright. 
the two measurements can be taken from one and the same energy- 
absorbing circuit. 

I am sorry Mr. Mordey should have gone to such trouble in trying 
to draw conclusions from Lightning's tables. The results would have 
been interesting, perhaps, from a statistical point of view had they been 
accurate, but as he has evidently included a great number of towns 
having a flat rate with discounts, among those having the demand 
system, his conclusions can have no possible value, and are meaning- 
less. I would strongly recommend him, if he is really in search of 
information, to determine whether stations using a flat rate have 
improved their load-factors during the last three or four years as 
rapidly as stations using a rigid maximum demand system. I trust 
he will leave out altogether those stations handicapped with the absurd 
combination of a demand system and an optional flat rate, as nothing 
can be learnt from these figures. 

I am sorry Mr. Dick considers the suggestion of using storage 
batteries for the supply of that portion of a peak lasting only half 
an hour, either very new or unsound. In the first place, this has been 
considered a very sound method in America in dealing with the sharp 
peak so frequently met with in early-closing, fogless towns ; and in the 
second place I am convinced that the reduction of capital effected by 
the use of storage batteries in such towns certainly entitles the few 
half-hour customers to the substantial reduction in the preparation 
charges given on the Hopkinson system by my suggestion. 

Mr. Boot is one of those gentlemen who obviously consider the 
convenience and comfort of central station engineers to be of more 
importance than the profitable extension of electricity supply. When 
he has time to read my paper I think he will find the modified Kapp 
and demand system thoroughly explained, and his daylight difficulty 
removed ; also that the figures given for the Brighton Preparation Coal 
Costs were not obtained by any arbitrary division as he suggests, but 
by an automatic graphical process admitting of no doubt as to the 
results given. 

With regard to Mr. Aron's suggestion that the small five-light 
consumers would be properly charged on a prepayment time meter, 
I think one great difficulty to the carrying out of this suggestion would 
be that of preventing the consumers increasing the candle-power of 
their lamps without notification to the supply authority. From my 
experience I have no doubt that Mr. Aron is wrong in assuming that 
having once ascertained the demand of a consumer, such demand can 
be taken to be fixed. I think it is the universal experience that con- 
sumers' demands constantly vary, chiefly in the upward direction. 

I am sorry Mr. Aron does not agree with my contention that the Kapp 
system of charging must necessarily maintain the higher price for a 
greater number of hours per day than the demand indicator system. I 
presume he does not contest the obvious fact that the Kapp system 
discourages the use of light during the usual lighting hours, whereas 
the demand indicator system must encourage it. I repeat that if a 
consumer ever requires the supply authority to provide plant for his 
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individual use, everything should be done to encourage that consumer 
to use the said plant as many hours per annum as possible, and the 
Kapp policy of charging a man twice as much for using plant for two 
hours in the evening as for one hour is commercially unsound. 

It is evident that Mr. Aron has not grasped the object of the new 
sluggish demand indicators, as otherwise he would not have suggested 
that a theatre proprietor using the light an extra minute would thereby 
materially raise his average price. 

If Mr. Andrews agrees with Dr. Hopkinson that the cost of supply- 
ing a unit in one hour is very nearly double the cost of supplying a 
unit in two hours, I cannot understand why he objects to discrimina- 
ting between the one- and the two-hour users. If it be commercially 
correct to differentiate between two- and six-hour users, it must be 
still more necessary to differentiate betwecn half-hour and two-hour 
users, The comparison of the results of Brighton and Hastings must 
surely convince Mr. Andrews that the irregular incidence of the 
quarterly accounts in the former town can have had no real effect in 
retarding the business or a less improving effect on the load-factor, as 
both the general use of electricity and improvement of load-factor are 
startlingly greater in Brighton than they are at Hastings, in which 
latter town the load-factor seems actually to have diminished 8 per cent. 
during the Jast five years. It seems curious that Mr. Andrews, after his 
careful study of the subject, has not yet realised that the very fact of his 
giving the consumers the option of paying 6d. per unit enables those who 
use very little electricity in the summer to get off paying their proper 
share of the preparation costs ; in fact, his flat-rate option does away with 
all the benefit Dr. Hopkinson’s system was intended to give. As to Mr. 
Andrews’ claim that his quarterly charges bear some near proportion to 
the quarterly consumption of current, I would point out that this can 
only mean either that the flat rate is more correct than the Hopkinson 
tariff, or that only consumers with approximately equal quarterly con- 
sumption are referred to, as it certainly cannot be true when applied 
to all classes of consumers with the varying load-factors met with in 
practice. 

Mr. Madgen seems to be one of the few speakers who realise that it 
is more important for central station men to aim at always trading at a 
profit, than to increase the capital cost of the undertaking with the chief 
object of being popular among the consumers. 

Mr. Minshall is another gentleman whose speech would seem to imply 
that he thinks that the comfort of the central station engineer is of 
prominent importance, whereas, knowing him as I do, I feel sure that 
he will be the first to agree with me that if engineers do not put the 
interests of their shareholders before their own comforts, there is a 
great danger of engineers being told in the future to only concern 
themselves about engines and to leave the commercial management of 
the business to business men. I think Mr. Minshall’s practice of 
increasing the number of hours in the winter quarters, during which 
the high price is maintained, is a very much better way of making the 
incidence of the charge proportional to the consumption of current 
than that advocated by Mr. Andrews, and I commend his ingenious 
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idea of making out the bill, on the basis of the average price, to all 
central station managers. I would suggest carrying the principle still 
further by making out the bill for so many units for so much £ s.d., 
leaving out all the unnecessary details of price per unit. 

I notice Mr. Minshall, in one of his remarks, implies that the fact of 
his having public lighting and traction supply has affected his private 
lighting load-factor. Surely the load-factors of these three services are 
absolutely independent of one another. 

I think Mr. Beeton has done all central station men a real service in 
insisting on the iinportance of engineers becoming conversant with 
ordinary commercial principles and in proving how little the average 
man cares about the principles on which his daily purchases are charged, 
provided the total bill is satisfactory. 

I think if Mr. Still will read my paper he will find the cases he 
mentions, of the maximum demands of the carly-closing shops and 
private houses not being coincidental, fully dealt with. ] certainly 
cannot understand Mr. Still, with his long study of the question of 
tariffs, doubting my statement that by charging all his consumers тоа. 
per unit for, say, three-quarters of an hour per day he would be enabled 
to profitablv supply the poorer districts of Chelsea at a lower price 
than he can at present. 

Mr. Wilson is another gentleman who, not having read my paper, 
assumes that I take it for granted that all the demands are made simul- 
taneously. Pages 455 to 458 of the paper are devoted to the considera- 
tion of the contrary state of things. Mr. Wilson has not correctly 
stated the difference between my views and those of Mr. Kapp. The 
essential difference between us seems to me to be that Mr. Kapp 
considers all lighting at the peak time should be discouraged, whereas 
I consider that any lighting business that can be done at a frofit 
should be encouraged regardless of the hour at which it is required. 
I am sorry he should consider the absurdly simple formula on 
page 481 a proof that the theory I am advocating is surrounded by 
mystery and mathematics. I can never admit that there is any 
mystery about the subject, or that anything more than simple com- 
mercial arithmetic is necessary for its proper study. When I inform 
Mr. Wilson that three clerks at Brighton can carry out all the work 
connected with the application of the demand indicator system to 
over 3,500 consumers, he will doubtless appreciate how automatic in 
its working the system can be made. 

Unfortunately for Mr. Wilson's coal-mine analogy, coal has proved 
itself capable of being stored very efficiently for millions of years, 
whereas, as I have said previously, electricity has to be used directly 
it is made. Here is another instance of the dangerous use of imperfect 
analogies. 

It is very difficult to know how to deal with an opponent such as 
Mr. Hordern, who starts off by denying the very basis of the Hopkinson 
system. What can, for instance, be said to a critic who disputes the 
usually accepted statement that, given an equal consumption, the capital 
outlay involved in supplying a consumer with a thousand lamps used 
on the average one hour per day is roughly ten times as much as that 
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required to supply a consumer with one hundred lamps ten hours per 
day. Iam afraid I cannot again attempt to prove to Mr. Hordern the 
truth of such propositions, or even to convince him that a large early- 
closing business paying 4d. per unit produces very much less total 
profit to the supply authority than the small five-light private bouse 
user. 

Mr. Hordern, like Mr. Boot, imagines my analysis of the Brighton 
revenue charges have been carried out arbitrarily, instead of by auto- 
matic differentiation. 

I must express my indebtednesss to Professor Smith for his very 
careful and elaborate criticism of my paper. With regard to his doubt 
as to the correctness of dividing the preliminary costs equally among 
the kilowatts demanded by the consumers, as these costs were un- 
doubtedly incurred for the benefit of all the consumers, the course I 
have taken seems a perfectly fair one. 

Professor Smith unnecessarily complicates the analysis of electricity 
costs by introducing the term “ Working Costs” ; these must be necessarily 
a combination of both preparation and production costs, and the whole 
object of the differentiation of these two, is to avoid this unnecessary 
but very usual mixing up of dissimilar charges to the revenue account. 

I disagree with his insistance on the necessity for separating capital 
from working costs. I think most of the hazy ideas on the subject of 
electricity tariffs are due to the use of the term * Working Costs," which 
really form only part of the total costs. 

Far from the diversity factor being a new feature in the study of 
tariffs, as Professor Smith seems to think, it is probably one of the first 
things any central station engineer discovers who has measured the 
actual demands of his consumers. The chief objection I have to his 
simpler formula for determining the preparation costs per kilowatt 
demanded by the consumer, is that it gets rid of one of the most useful 
factors used in the comparison of various stations, viz, the diversity 
factor, and its omission obviously invites the criticism, that has been so 
frequently made use of in the present discussion, to the effect that the 
demand indicator system assumes all demands arc made simultaneously, 
which is far from being the case. | 

I cannot make out what Professor Smith means when he says that with 
a load-factor of unity (I presume he means really 100) production costs 
would become zero. Surely this is nonsense. The preparation cost 
per kilowatt would remain the same, and the production cost per unit 
would also remain the same. The only effect of the increase of the 
load-factor would be to make the total production costs per annum 
greater than with a smaller load-factor. It is equally a mystery to me 
why Professor Smith, realising as he docs that the preparation cost per 
kilowatt and production costs per unit are independent of the load- 
factor, should say my reasoning is faulty on the ground that the sum 
of the preparation and production costs would be greater than the whole 
in the case of тоо per cent. load-factor. Where he gets this reductio 
ad absurdum I am at a loss to understand. Is he not mixing up total 
production costs per anum with production cost per unit? As to his 
hypercriticism of my statement that a 6 per cent. load-factor consumer 
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must cost for preparation five times as much as one on equal consump- 
tion with a 30 per cent. load-factor, surely the context ought to have 
shown him what was meant and prevented him creating the rara avis 
of a 6 per cent. load-factor consumer who never uses his demand 
during the ordinary lighting hours. 

Professor Smith, in common with several other speakers, talks of my 
punishing a man who has only very natural proclivities. If asking a 
man to pay a fair profit on the cost of supplying a commodity is a form 
of punishment, I plead guilty, and glory in my being in the very large 
company of ordinary traders. 

Professor Smith also indulges in the use of very faulty analogies 
and takes the cases of restaurants and omnibuses, forgetting that if a 
restaurant or an omnibus is full, intending customers have to wait or 
have to go elsewhere, whereas in the supply of electricity consumers 
will not and do not wait, but insist on taking their supply whether it 
interferes with the supply given to others or not ; and moreover nothing 
can be done to prevent these impatient customers from so doing. As to 
a differential scale of charges not being tolerated in the supply of other 
commodities than electricity, I entirely disagree with Professor Smith. 
Where there is a distinct advantage to both the supplier and consumer 
alike, equity of charging will, in the end, beat mere simplicity іп апу 
business having to face competition. 

In his last paragraph but three, Professor Smith refers to the 
doubtful advantage of having consumers who add to the peak of a 
supply station. This curious, but frequently made statement, either 
means that an increase of business is bad, or that no peak business can 
be profitable, both of which propositions I deny absolutely. I morc- 
over say it is the duty of managers of electricity supply business to 
extend their business as much as possible, and make all consumers as 
profitable as possible, but above all never to sell at less than cost price, 
unless compelled to do so by Act of Parliament. Professor Smith is 
apparently not aware that our Parliament has prevented a simple 
Hopkinson tariff being alone offered to the consumers of electricity in 
this country. 

I cannot agree with Professor Smith that the modified demand 
indicator system I am advocating tends in any way to flatten the scale 
of charges. "Take, for instance, offices closing at six o'clock every day. 
Nothing I have suggested ought to bring the price charged to such 
consumers under the present highest permissible rate, or bring the 
charge to the power day user up to the average price paid by the whole 
body of consumers. His reading of my reference to the motor diversity 
factor is incorrect. I did not say that motor load will increase the 
general diversity factor, but stated that the diversity factor among 
motors was generally higher than among lamp users. 

I have always considered that the correct method of dealing with 
the alternating-current meter problem Dr. Drysdale mentions is to have 
the annual charge for preparation based on the maximum demand in 
amperes, and to couple it with a charge for the actual consumption in 
units, and hinted in my paper on the mistakes that had been made in 
framing the Power Bills in this connection in the ninth anomaly, on 
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page 446. I consider the above suggestion to be much more correct than 
the ingenious one suggested by Dr. Drysdale, which would prevent the 
meters reading direct in Board of Trade units or in any other easily 
checked units. 


The old Norwich system of carrying out the Kapp principle which 


` Mr. Marinier advocates, has all the disadvantages of the Kapp clock 


system coupled to the disadvantage of being in practice excessively 
costly to carry out. Mr. Oxley, in America, has suggested a neat way 
of carrying out the Norwich system without the use of a special wire, 
and Mr. Funkleman, of Paris, has shown how a very perfect demand 
indicator system can be worked by means of a pilot wire. 

Mr. Cruise is another gentleman who imagines the analysis of the 
Brighton figures into preparation and production costs has been done 
arbitrarily, notwithstanding all the letterpress devoted to the explana- 
tion of Diagram I. of my paper. 

Mr. Cruise assumes, for some reason, that the short-hour consumer 
has to pay more for the preparation costs than the long-hour one. I 
must remind him that all consumers have to pay the same rate per kilo- 
watt for preparation costs. He suggests that the remedy for the small 
number of short-hour users in Brighton would be to lower the price to 
them, but he has apparently not learnt from my paper that such a course 
would be carrying out the very opposite policy to the one I recom- 
mend; in fact it would be doing what I say the flat-rate system 
docs, viz, encourage the short-hour consumer and discourage the 
long-hour consumer, thereby raising the average price, lessening the 
amount of business done, and very much limiting the field for future 
extension. 

Mr. Cruise's suggestion that the short-hour consumers should be 
encouraged on account of their number, must remind one of the very 
useful story of the old lady who, whilst admitting that she lost a half- 
penny on each apple she sold, was under the impression that it was the 
quantity she sold that paid. 

Like most prolonged discussions, the present one has suffered 
from the opposing parties logking at the problem from different 
points of view. If, however, anything has been said which will check 
the present tendency to lower the initial price below eightpence per 
unit, to stop the ridiculous practice of giving consumers the option of 
being charged on a flat rate if they do not find the maximum demand 
system works out to their advantage, and to get the Board of Trade to 
allow a minimum charge to be made of, say, three units pcr quarter per 
8-c.p. lamp demanded, I shall feel that the object of my paper has been 
accomplished. 

The CHAIRMAN : As the hour is very late, I must ask those who wish 
to further join in this discussion kindly to send in their remarks in 
writing, and they will be added to the paper. I am sure you will all 
agree that Mr. Wright deserves our very best thanks for having brought 
forward such a well-thought-out paper on such an extremely interesting 
and important subject. I will ask you to pass a hearty vote of thanks to 
him for his paper. 

The vote was carried by acclamation. 
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The CHAIRMAN announced that the scrutineers reported the following тве 


candidates to have been duly elected :— irman. 


Associate Members : 
Louis John Hunt. | Philip Grant Wayne. 


Associate: 


Henry Carter Watson. 
* Sludent: 


Henry Benjamin Bennett. 


582 TRANSFERS. (Jan. 9th, 


The Three Hundred and Seventieth Ordinary General 
Meeting of the Institution was held at the Institution 
of Civil Engineers, Great George Street, Westminster, 
on Thursday evening, January oth, 1902—Mr. WILLIAM 
E. LANGDON, President, in the Chair. 


The minutes of the Ordinary General Meeting held on December 
I9, 1901, were read and confirmed. 


The names of new candidates for election into the Institution 
were announced, and it was ordered that their names should be 


suspended. 


The following transfers were announced as having been approved 
by the Council :— 


From the class of Associate Members to that of Members— 
John Kempe Brydges. | 
From the class of Foreign Members to that of Members— 
Henry Fleetwood Albright. 


From the class of Associates to that of Members— 


Edward O'Keeffe. | William Grigor Taylor. 
From the class of Associates to that of Associate-Members— 

Walter Binns. Henry Ivan Lewenz. 

Alec D. Chalmers. Edgar Walford Marchant. 

Alexander Charles Cramb. Thomas Mather. 

E. G. Fleming. Herbert Leslie Mills. 

Frederick Simmons Grogan. Septimus Pauls. 

Arthur William Higgs. Walter Riggs. 

Richard Humphries. Archie Corbett Seaton. 

Frank Johnston. Walter A. Vignoles. 

L. Johnston. Edmund Basil Wedmore. 


Sydney Woodfield. 


From the class of Students to that of Associates— 


William Arundell. Henry Joseph. 

Arthur John Bohringer. Reginald George Madge. 

Edwin Olding Chadwick. Charles Basil Nixon. 

Percy Douglas Collins. Charles Hallewell Steele. 

Frederick John Holmes. Hedley Jeffreys Thomson. 
Walter Talboys Wheeler. 


Messrs. G. W. Green and W. J. Grey were appointed scrutineers of 
the ballot for the election of new members. 
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Donations to the Library were announced as having been received 
since the last meeting from Messrs. E. Garcke, A. Heyland, and F. 
Kerntler ; to the Building Fund from Messrs. J. K. Bedford, I. Braby, 
A. Burton, G. Byng, M. Byng, P. Cardew, R. A. Dawbarn, W. Duddell, 
H. J. Eck, S. E. Glendenning, W. Golledge, R. Hammond, H. E. 
Harrison, T. H. Harrison, A. Hay, H. Hirst, H. W. Kollé, A. E. Levin, 
A. P M'Douall, Н. W. Miller, J. Rance, J. Н. Rosenthal, W. M. Rolph, 
A. Rutherford, J. Shaw, W. Smethurst, J. M. Smyth, A. Stroh, J. W. 
Swan, A. A. C. Swinton, F. W. Topping, C. Turnbull, L. Wilson, H. W. 
Young ; and to the Benevolent Fund from H. Bevis, I. Braby, G. Byng, 
M. Byng, Major Cardew, H. J. Eck, R. T. Glazebrook, H. J. Glynn, H. 
Hirst, A. E. Levin, G. W. Money, Sir David Salomons, W. C. Smith, 
A. Stroh, E. B. Thornhill, and J. Woodside, to whom the thanks of the 
meeting were duly accorded. 


The PRESIDENT : Gentlemen, I have very much pleasure in wishing 
you all a very happy and prosperous new year. We none of us know 
what the year may have in trust for us, but we all hope that it will be 
bountiful in the advancement of electrical science and its many 
applications. 

We were on this occasion to have had a paper by Professor Barrett, 
and I am afraid you may have been causcd some inconvenience in 
consequence of our having to forego that announcement, Professor 
Barrett has unfortunately been suffering from a severe cold, and it was 
felt it would be improper on our part to urge him to venture under 
such circumstances to cross the Channel for the purpose of reading his 
Paper, especially as there was justa possibility that he might not, in fact, 
be able to doso. It was therefore decided to bring forward the Reports 
on the visit to Germany. These reports, as I daresay you understand, 
are rendered by gentlemen who were appointed by the German Visit 
Committee to collect information that might be of interest to members. 
Mr. Patchell has been kind enough to undertake the duty of reporter 
on Traction, Light, and Power Distribution, of which Committee he is 
Chairman ; Colonel Crompton, as Chairman of the Committee on 
Manufacturing, has undertaken the duty of reading the Report on 
Manufacture ; and Mr. Kingsbury, the Chairman of the Committee on 
Telegraphs and Telephones, has undertaken the duty of reporting upon 
that subject. These subjects will form, as it were, a continuous paper 
dealt with under the three heads. They will be treated as papers, so 
that members present may have the opportunity of discussing any 
points brought forward in them. I hope they will lead to an interesting 
discussion. Each of those gentlemen who have been kind enough to 
act as reporters have ‘expressed their desire to afford any further 
information in their power which might be asked upon the subjects 
dealt with in their reports. I will now ask Mr. Patchell to proceed 
with the reading of his section. 

Mr. W. H. PATCHELL : Gentlemen, before I begin, may I take the 
Opportunity, on your behalf, of heartily reciprocating the President's 
good wishes, and express the hope that the rest of the winter will deal 
more kindly with him ? 
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REPORT OF THE COMMITTEE ON TRACTION, 
LIGHT, AND POWER DISTRIBUTION TO 
THE COUNCIL OF THE INSTITUTION OF 
ELECTRICAL ENGINEERS ON THE VISIT OF 
THE INSTITUTION TO GERMANY IN 1901. 


Ownership of Works.—A close connection between the manufacturers 
of machinery and the supply of electrical energy in Germany is very 
noticeable. This intimacy between the supply and demand for 
machinery is very much to the advantage of both the manufacturer and 
the user, and in the case of municipalities there is no doubt that while 
maintaining their control over the work within their area, it has been 
the means of strengthening and consolidating German manufacturing 
interests. 

In Berlin we find the Electricity Works owned by a Limited Com- 
pany founded by and in very close touch with the Allgemeine Elektri- 
citats Gesellschaft. A few of the early machines are of Siemens and 
Halske construction, but latterly the whole of the electrical machinery 
and cables have been supplied by the Allgemeine Elektricitáts Gesell- 
schaft. The company works under a concession from the Municipality 
which has been renewed on a very much larger scale than the original 
concession, which has necessitated the building of very extensive works 
outside the city at Moabit and Oberspree. These works, at present 
under construction, augment the supply, and will probably in time 
supersede the smaller works inside the area of supply. 

At Charlottenburg, Wiesbaden, Homberg, and Bockenheim the works 
are owned by the Municipality and leased to the constructors, Messrs. 
Lahmeyer, on terms which, while securing a return to the owners on 
the capital invested, encourage enterprise and extension on the part of 
the contractors. 

Prime Movers.—The first thing that strikes an English engineer on 
entering a German engine-room is the magnitude and frequently the 
elaboration of the buildings. 

The engines commonly used are of the horizontal slow-speed type of 
from 100 to 8orevolutions a minute, though in some cases vertical engines 
arefound. The finest examples of the latter were the four-cylinder triple- 
expansion sets seen in the Luisenstrasse Works in Berlin, where three 
each of 3,000 I.H.P. by Messrs. Sulzer are at work. It is generally con- 
sidered that although the vertical engine occupies somewhat less ground 
space, it costs more in attendance and is higher in prime cost, which 
may be the reason for the Berlin Company adopting horizontal engines 
for their new stations where the units are each of 4,500 I.H.P. The 
personal element also influences the adoption of horizontal engines, as 
we learn that men do not give the same attention to the working parts 
if they have to climb ladders to get at them. Those of us who were in 
the Paris Exhibition last year must have been much struck with the 
number of men employed on the galleries of such engines as Messrs. 
Borsig's magnificent vertical. 

The enclosed-type high-speed engine so common at home is con- 
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spicuous by its absence on the Continent, although some makers are 
now partially enclosing their vertical types. 

In horizontal sets the draught caused by the dynamos has been found 
to draw the oil from the connecting rods and crank bearings on to the 
winding, and in order to overcome this the frames or trunks of hori- 
zontal engines are now much more enclosed than was usual before 
dynamo driving had to be considered ; the greatest advance in this 
direction being seen in the new 1,000 I.H.P. sets at present being fixed 
at the Dortmund Works. 

Forced lubrication as understood at home is unknown, though defi- 
.nite plunger feed lubricators are generally used instead of gravity sight 
feed drop lubrication for cylinders. The highly finished valve-gear on 
the slow-speed engines would appear to need considerable attention, 
but it is commonly found that well-finished machinery gets well looked 
after by the attendants, who take more pride in an engine that looks well 
when it is clean than in more roughly finished work that barely shows 
when itis clean or not. Good lubrication and hardened wearing parts 
for the trips of the valve-gear reduce wear and tear to a minimum, and 
the engineers in charge report that repairs are insignificant. 

Boilers.—Water tube boilers, with the tubes expanded into а 
common header, are almost universal, and super-heating up to 50°C. 
is very common, generally by separately fired super-heaters, although 
in some cases nests of tubes are used in the boiler setting. Іпа ѓем 
cases economisers are used, but they do not appear to be as general as 
in England. Furnaces show a very interesting departure from English 
practice in inclined grates of the Tenbrink type. 

In spite of the “Verboten " issued against smoking two years ago, 
we saw a good deal from the chimneys in many towns. In Berlin the 
City Council control the emission of black smoke, and for that reason 
the Electricity Works are restricted in the use of coal which, we under- 
stand, has been up to the present purchased from Cardiff. At the 
Moabit Station, which is on the outskirts of the city, a class of coal 
very similar to our Midland slack is used, while farther out at Oberspree 
brown coalis used. In both these latter cases we are told no trouble 
from smoke was experienced. 

Bucket elevators and belt convcyers for coal were seen in the 
A. E. G. Station and the Siemens and Halske's Overhead Railway Plant 
in Berlin, also in Dresden, though tip-trucks delivering coal in front of 
the boilers appear to be the rule. Mechanical stoking is conspicuous 
by its absence. 

In Dresden, where brown coal is used and automatically fed on to 
the grates, the ashes being taken away in the basement, the boiler-room 
is cleaner than many engine rooms. In Essen a very interesting 
example of firing with waste gases from the adjoining coke ovens 
has been arranged for, though at present coal is being used. 

Generators.—Dynamos are very large everywhere, the slow-speeds 
generally obtaining making even a 300-kilowatt machine impressive. 
Splendid examples of machines of over a thousand kilowatts were 
seen at Berlin, Dresden, Essen, etc. The continuous-current fly-wheel 
generators are of special interest. These machines are a speciality of 
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the E. A. G. vorm. W. Lahmeyer & Co., and are erected in many of 
the central stations built by them. Such machines were seen running 
at the central stations of Dortmund, Dusseldorf, and Homburg. 

Two continuous-current machines direct driven by the same engine 
and connected alternatively in parallel for lighting or in series for trac- 
tion may be seen in Berlin and Dusseldorf. In Homburg, one engine 
may be seen driving two generators of different pressure and size for 
traction and lighting, the traction generator acting as fly-wheel for the 
whole set. This interesting arrangement requires very little space, and 
is due to Messrs. Lahmeyer. 

` The bulk of the new work appears to be on the three-phase system, 
and the varied use of it is very interesting. Many central stations are 
built for three-phase current distribution, with continuous-current sub- 
stations. The oldest German works built on these lines werc erected in 
Bockenheim, near Frankfort-on-Maine, in the year 1892 by the E. A. G. 
vorm. W. Lahmeyer & Co. These works were also visited by the 
members. It is specially worthy of mention that from the very 
beginning synchronous motors were used for equalising phase differ- 
ences, and Bockenheim is therefore one of the oldest plants where 
synchronous motors were used for the said purpose. 

The Berlin Electricity Works illustrate the adoption of the three- 
phase system by a Continuous-Current Company as soon as it became 
necessary to transmit energy on a large scale from stations at some 
distance from the centre of the town; with some 30,000 H.P. in 
continuous-current dynamos, the new stations are laid down at 
Oberspree and Moabit for a total of 90,000 H.P. with unhesitating 
confidence in thc three-phase system. 

At Charlottenburg, with a population of 150,000, the three-phase 
system has been adopted by Messrs. Lahmeyer at the beginning, but in 
combination with a continuous-current supply, the relative proportions 
of the two generating plants being about 6:4. "This station may be 
taken as a good instance of a modern station of fairly large size 
(2,000 K.W. generating plant) supplying light and power for 
Traction. | 

In the factorics visited a rough guess would placc the direct- and 
alternating-current machines under construction as about equal in 
number and importance, although actually the largest machines were 
alternators. Under the latter class there were very few single- or two- 
phase machines to be seen. For new work, Inductor Alternators are 
practically extinct ; not a single one was seen under construction in 
any of the shops, and although this may have been an accident, 
certainly their proportion to the whole number built must be small. 

The number of direct-coupled machines in course of construction in 
the workshops of the E. A. G. vorm. W. Lahmeyer & Co. was very 
large. The continuous-current fly-wheel generators for the extension of 
the Diisseldorf and Dortmund Municipal Works and for the central 
station at Miinster, driven by gas engines aroused especial interest, as 
also did the H.T. 1,600 K.W. Generators for 10,000 volts direct pressure. 
A number of synchronous and asynchronous motor generators up to 
450 H.P. for the same high pressure were also nearing completion. A 
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remarkable instance of direct-coupled machines appears in the motors 
for pumping plants, of which quite a number, varying from 300 to 600 
H.P. at 60 to 80 revolutions per minute were to be secn in the workshops 
of Messrs. W. Lahmeyer & Co. in the course of construction. 

For the general purposes of transmission and lighting a standard 
periodicity of 5o is now almost universal in Germany, the variants of 
40 and бо being seldom found. Rotaries up to 800 kilowatts are run at 
this periodicity in the Berlin sub-stations. 

Rotaries and synchronous motor generators were seen at Berlin and 
Frankfurt respectively under very similar circumstances, both being at 
work on traction loads, and on their respective merits there was little 
to be gleaned without a closer knowledge of details. The arrangement 
of a direct-coupled booster on the alternating side as scen at Augusta 
Strasse, Berlin, due to Herr Dobrowolski, by means of which the 
primary pressure can be varied, overcomes the difficulty of the fixed 
ratio of conversion in the rotary. 

Motors.—At Frankfort the larger sizes of the single-phase motors 
were started in the usual way on a loose pulley. As to the smaller 
sizes which were used on lifts, many who saw the mechanism came 
awav with the idea that the lift started simultaneously with the motor 
(see Engineer, July 26th) yet the reporter of the Electrician was 
informed that there was a time arrangement allowing the motor to start 
before the cage is lifted (see July roth). We mention this point, 
although not of great importance, in case there may be further 
reference to it by others, and by way of caution as to what were 
really the facts in connection with a rather complicated piece of 
mechanism. | 

After experience with continuous-current motors at their Acker- 
strasse Factory, the Allgemeine Elektricitats Gesellschaft adopted three- 
phase motors for their Brunnenstrasse Factory throughout even for 
their cranes. The reason for this is partly to be found in their adoption 
of separate motors practically for every tool, the capital outlay on a 
large number of small motors being at that time (if not now) less, if 
they were three-phase than if they were continuous current. In the 
factory at Oberspree, which is still more modern, although all the tools 
are driven by three-phase motors, the cranes are again driven by 
continuous-current motors fed from motor generators, which also 
supply direct current for inverted arc lighting. Although at Oberspree 
there are some 3,000 H.P. of motors, yet the current is taken from the 
adjoining central station, although the load must be a constant one well 
adapted for great economy in its production, the expense of the step- 
down transformers must be outweighed by the low price charged for 
the current. Other factories also use polyphase or direct-current motors 
according to the prevailing conditions as motive power for their work- 
shops. In the works of Messrs. Lahmeyer & Co. polyphase motors 
are used for driving groups of machines, whilst single machines are 
driven by continuous-current motors. The new works, situated some 
distance from the old works and its central station, are driven ex- 
Clusively by polyphase motors. 

Storage Batteries —The use of storage batteries is! much greater in 
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Germany than in this country, the proportion they bear to the generating 
plant often reaching 20 to 25 per cent. They are used not only to level 
the load on the generators, but in Frankfort they enable synchronous 
motor generators to be used for the conversion of single-phase current 
to soo-volt continuous current for the trams, such use having been 
found simple and successful, and it is stated that they completely 
stop the hunting of the motors. 

The batteries in Frankfort are charged -by an induction motor- 
driven booster, and in the Augusta Strasse station of the Berlin 
Company by a combination of rotary converters and synchronous 
machines. 

The positive plates are generally of the Planté or formed type, while 
the negative are of Faure or pasted type, and maintenance contracts 
with the makers appear to be the rule rather than the exception. 

Cables.—As regards cables for the transmission from Oberspree, over 
nine miles, 6,000 volts is the chosen voltage, and at this pressure 
the mains are laid underground. The general type of cable employed 
by the A.E.G. for transmission at moderately high pressures was said to 
be insulated with impregnated jute, lead-covered and armoured and 
buried in a bed of clean sand direct in the ground ; for pressures from 
5,000 to 10,000 volts impregnated jute, rubber and a covering of paper, 
lead sheathing and armouring ; for higher pressures up to 20,000 volts 
rubber and stabilit instead of jute, experiments being shown to demon- 
strate the superiority of the stabilit cable at the Oberspree Cable Works. 
The cables from Oberspree are twisted three-core, and seven are used 
to fced the sub-station at Mariannenstrasse, which takes about 7,500 H.P., 
so that the power transmitted by each cable must be at least 1,000 H.P., 
and probably to allow of reserve capacity, cach cable transmits about 
2,000 H.P. The best practice appears to be double cables in sections 
with triple-pole two-way switches, so that the reserve sections may be 
switched in in the event of a fault occurring. Lightning arresters are 
freely used, but we were not able to obtain any definite information 
about the general practice in transmission lines. 

The frequent use in Germany of an uninsulated middle wirc in a 
low-pressure three-wire network is very interesting. It is a very 
important point, as if it were permitted in this country it would very 
considerably reduce the cost of networks, although we must admit the 
benefit to be derived from such a saving is not looked upon by all 
engineers with equal favour. 

Tramways.—For tramways a pressure of 550 volts is still the rulc, 
and the sliding bow appears to be extending faster than the trolley. 

The span-wire is usual, the trolley-wire being everywhere kept as 
close as possible to the centre of the track. The sliding bow introduced 
by Messrs. Siemens, with its friction surface of aluminium crossed 
lengthwise for lubrication, gives a simpler overhead construction at 
curves and junctions and more latitude in the position of the overhead 
wire. The sliding of the bow gives quieter running than do trolleys, but 
it is very doubtful if on the whole the system be preferable to the better 
examples of swinging trolley equipment seen in England. 

The rail-joints are often scarfed, which gives smooth running. 
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Lightning arresters of the Horn or Siemens type are largely used for 
traction service and placed above tramcars with a gap of about у inch 
for 5oo-volt circuits, the width of the horns at the top being about 
5inches. Wider streets, and the fact that cars do not stop except at 
their recognised stopping-places, enable high speeds to be run. 

Accumulator cars are much used in the centre of large towns, 
notably in Düsseldorf and Berlin, although in Dresden Messrs. Siemens' 
conduit system has been adopted through the centre of the town. This 
modification does not appear to be due so much to economical reasons 
as to meet the zesthetic views of the municipalities concerned. 

High-speed Ratlways.—The experimental trains in hand at the works 
of Messrs. Siemens and Halske and the A.E.G. elicited great interest. 
A few particulars of Messrs. Siemens and Halske's equipment will be 
found in Mr. Sheardown's paper before the Dublin Local Section, 
Nov. 14, 1900 (this Volume, p. бїт). For further particulars ‘of the 
latter we would refer members to Herr О. Lasche’s very important 
description presented in his paper read before the Electrical Section of 
the International Engineering Congress at Glasgow (vide this Journal, 
1901, Vol. 31, p. 24). 

The Suspended Railway.—The Langen Mono-Rail Suspended Rail- 
way from Barmen to Eberfeld marks an epoch in railway work. The 
line, which is rather more than eight miles in length, runs for some six 
miles over the bed of the winding River Wupper, carried on A-frames 
about 30 yards apart. The other two miles, over narrow streets and 
country roads, is carried on horseshoe-shaped frames, as they offer less 
obstruction to traffic than the sloping sides of the A-frames. The 
underside of the cars is about 15 feet above the street level. The 
track is double, providing for “up” and “down” trains of two fifty- 
passenger cars, which are each suspended from two bogies 26 feet 
apart. Each bogie has two wheels 35 inches in diameter running on 
the single rails with an overhung 36 H.P. motor between them, whose 
pinion engages with spur wheels on the axes of the 35-inch driving- 
wheels. 

The 550-volt direct current to the two lines is supplied by separate 
Sulzer-Schuckert 850-k.w. generators. There are also buffer batteries in 
the generating station, to ensure safety. The current is picked up by 
contact shoes, which are pressed by spiral springs on to an ordinary 
round-headed iron rail conductor. The track is divided into auto- 
matic block sections, and trains can be run every three minutes at a 
speed of thirty miles an hour. The whole of this novel electrical 
equipment was designed and constructed by Messrs. Schuckert, of 
Nürnberg. 

Conclusion.—The following figures, although incomplete, will prove 
interesting. 

The Berlin Electricity Works, in their six generating and battery 
stations, have a total capacity of 84,000 k.w., and the highest load 
observed is 60,000 k.w. 

In the year ending June, 1900, they generated 62,300,000 units, and 
sold about 50 millions as follows :— 


Мог. 81. 86 | 
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For. Units. Prices obtained. 
Private lighting Shi 11,200,000 ... 6d. | 
Street lighting "T 800,000 ios 72d., including 


carbons and atten- 
dance, plus £6 per 
lamp for hire, etc. 


Motors ... i n 17,300,000 bic 1'92 
Trams ... ee 20,200,000 oes 1°08 
Used on stations T 500,000 véi — 
Total T 50,000,000 e 2°78 

ee SERRE aes 


Cost of coal, Local, 11s., Small Welsh 175., per ton. 


Costs of labour are not excessive :— 


Dynamo attendants and engine-drivers .. 448. to 434. per hour. 
Switchboard attendants 045 x vs 4łd. to 54d. , » 
Stokers 7... Р "T iss n A 4łd. to 41d. , » 
Cleaners, etc. .. iud А кез ie 3łd. to 4d. „p » 
In Dresden the prices charged by the City Light Works are— 
For lighting ion Ves 72d. per unit. 
For power ... : UN ДО эз » 


Cost of local coal, 115. sper ton (poor in quality). 

In Dresden Power Station, which supplies the trams, the charge 
works out at about 1:54. per unit, but it varies. Тһе city charges the 
tramways with all the expenses of generating the current, and then 
takes 25 per cent. of the tramways profit. 

In conclusion, the Committee would gratefully record the kind offices 
of their reporters : Messrs. L. Andrews, А. М. Foyster, C. C. Hawkins, 
D. K. and J. T. Morris, G. Ralph and J. J. Steinitz, to whom the 
members are indebted for the details of this report of a most interesting 
and instructive trip. 


REPORT OF THE COMMITTEE ON MANUFAC- 
TURING TO THE COUNCIL OF THE INSTI- 
TUTION OF ELECTRICAL ENGINEERS ON 
THE VISIT OF THE PES ape TO GER- 
MANY IN 1001. 


For convenience, the matter dealt with has been grouped under the 
following headings :— 
I. Financial. 
2. Works management. 
a. Buildings. 
b. Statt. 
c. Labour. 
d. Treatment of employés. 
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е. Machine tools. 
f. Driving of shops. 
g. Miscellaneous. 
3. Design, etc. 
a. Switchboards. 
6. Direct-current dynamos and motors. 
c. Alternators and alternating-current motors. 


I. FINANCIAL. 


This question possesses considerable interest, as, at the time of the 
Institution visit, the German electrical industry was passing through a 
severe financial crisis. It would appear that the German Group Bank- 
ing System, while enabling firms to start with ample capital, and 
therefore also with well-equipped works, has the disadvantage of foster- 
ing over-extension and over-production to such a degree that a period 
of trade depression becomes hard to face. The early summer of this 
year saw the collapse of two important industrial banks, and with them 
of one well-known electrical firm. A strain was thrown upon the whole 
industry, and under the circumstances it seems doubtful whether the 
system is really such an unmixed blessing as some would appear to 
suppose. 

The large and well-equipped works which are possible under this 
system have, of course, the advantage of reduced shop and manage- 
ment charges. Furthermore specialised machine tools can be economi- 
cally employed and the staffs can be more highly paid, while the heads 
of.departments may specialise to a greater extent. Whether, however, 
there is much gained in this direction after a certain size has been 
reached would appear doubtful. 

The financial relations which exist between the manufacturers and 
the banks on the one hand, and their customers on the other, would 
appear to be so extremely complicated that progress is to some extent 
retarded, though the system undoubtedly enables experiments to be 
carried out on a much larger scale than would be otherwise possible. 

It is a very noticeable fact that the consulting engineer occupies a 
much less prominent place in Germany than he does in this country, 
owing, it would seem, to the same cause. It might almost be said, in 
fact, that the entire consulting work of Germany is carried out by two 
engineers, one of whom, be it stated, spent the greater part of his 
professional life in England. 


2. WORKS MANAGEMENT. 


a. Buildings.—Large works follow from large undertakings. There 
are two distinct ways of erecting large works. Of the first of these, 
which consists in building one large shop, the Allgemeine Elektricitüts 
Gesellschaft of Berlin is a typical example, while Messrs. Schuckert's 
Nürnberg factory may be taken as representative of the plan of split- 
ting up the works into several relatively smaller buildings. Each system 
has its advantages, and up to a certain size no doubt the ease with which 
material can be handled and transferred from one department and 
another, the accessibility of every department and the general com- 
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pactness, tell in favour of the first method. After a certain size, 
however, these advantages are less marked, and against them must 
be set the fact that it is almost impossible to extend one department 
without in some way encroaching upon another. Further, there is more 
chance of friction between neighbouring heads of departments where 
boundaries are to a large extent imaginary. It may be of interest to 
note that in America the Westinghouse Company lean to the large 
building plan, while the General Electric Company split up their 
works, on the second principle mentioned. 

As regards the organisation of departments, again two methods are 
possible. First, certain articles can be manufactured throughout in 
one department, or, secondly, all work of a similar nature, no matter 
for what purpose, can be carried out in the same department. Of the 
first system the Union Elektricitáts Gesellschaft of Berlin would appear 
to be the best example, while perhaps the A.E.G. instrument factory 
in Akerstrasse, Berlin, and Messrs. Siemens and Halske’s telegraph 
factory in Markgrafenstrasse might be included. The second method, 
however, seems to be by far the most general. 

b. Slaff.—One of the most noticeable features in all the works 
visited was the very large спріпсегіпр staff employed. Out of five 
firms of whom inquiries were made on this point the following were 
the proportions of staff to employés : 1 to 20; І to 7; І to 10; 1 to 
I3; І (0:20. 

It was somewhat difficult to find out exactly what was meant by 
“ staff,” and it is possible that the above figures in many cases include 
some of the commercial department. Probably, however, after making 
all allowances, the average proportion would be one engineer to every 
ten men. The above figures do not include foremen, but engineers 
only. In the case of one of the largest firms, the foundry, which 
employs two hundred men, has a technical staff consisting of a 
director, two assistant chemists, and two assistant electricians, to say 
nothing of the usual clerks and foremen. The only explanation of 
these large staffs is either that the work done per man is less than with 
us or that much greater care is given to experimental detail and general 
testing. While the first explanation is no doubt in part correct, it is 
to be feared that the second is the main cause. 

Throughout some works small test-rooms were to be found 
scattered about, in which the various parts were carefully tested 
electrically as well as being merely “inspected.” The result has been 
found to be a grcat saving of labour in the end. 

It may be mentioned that owing to the excellent preliminary 
education obtained by all classes and to the great facilities given for 
technical education the competition for subordinate posts of this 
description is great and salaries are correspondingly small. 

A point of interest is that in most drawing offices the draftsmen arc 
distinct from what may be termed “calculators,” who collect and pre- 
pare for use by the draftsmen the various data required. The mere 
recording of undigested results being of small value, the “calculator " 
would appear to be a most uscful innovation. | 

Another cause for the large staffs is that, as previously stated, much 
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of the work done in this country by the consulting engineer is in 
Germany carried out by the contracting firm. As an example it may be 
mentioned that the design of the overhead permanent-way construction 
for the Berlin Elevated Railway was got out by Messrs. Siemens and 
Halske’s drawing office. While the commercial and technical depart- 
ments appear to be kept quite separate, the head of each department is 
chosen for his commercial as well as for his technical abilities. The sales 
department appears usually to be in touch with the works only through 
the medium of the firm’s catalogue. The staff hours are from seven to 
seven and a half hours per day. 

c. Labour.—Much difference of opinion seems to exist as to whether 
the German mechanic shows, or does not show, that soldier-like smart- 
ness and discipline with which he is usually credited. It was generally 
acknowledged that the output per man is less than that in England, while 
a considerable time seems to be wasted both in getting to work and in 
leaving off. Time-recorders were noticeable in nearly all the shops 
visited. 

As to the hours of working, in Berlin itself nine or ten hours, with 
two hours off in the middle of the day, would appear to be the rule. 
In the outskirts of the town there is a nine or ten hours day, with 
two breaks, of three-quarters of an hour and half an hour respectively, 
while in the country eleven and twelve hours’ work is still usual. 

Little information is available as to the rate of wages earned by 
mechanics, but the following wages paid at the Berlin Central Station, 
working ten-hour shifts, may be of interest :— 


Drivers and dynamo attendants receive 4d. to 43d. per hour. 
Stokers, 41d. to 44d. per hour. 

Switchboard attendants, 444. to 54d. per hour. 

Unskilled labour, 324. per hour. 


It may be mentioned that dynamo attendants and drivers are not 
above cleaning their dynamos and engines, and even scrubbing the 
floors of the engine-rooms. Piece-work seems to be very little used, 
day-work being almost universal. Asa rule each man appears to work 
two machine tools, while in one instance a man was attending to no less 
than six. Female labour isextensively employed, but no data as to wages 
are available. 

d. Treatment of Employés——Large and comfortable dining-rooms, 
etc., are invariably set apart for the staff, but the most noticeable 
feature is the great care and thought devoted to the safety and comfort 
of the men. First, every precaution is taken in the way of guarding 
and fencing in the machines, the law in this respect being very 
stringent ; and, secondly, every convenience is provided to enable the 
men to wash and get tidy before leaving the works. Besides washing 
arrangements, at various points about the works, a locker (preferably 
provided with wire netting sides so as to be open to inspection) is 
allotted to each man in which to leave his clothes, and one firm at least 
allows its men ten minutes of its own time for washing, etc. Reading- 
rooms and various clubs are organised, and in winter coffee can be 
obtained in each shop. The catering for the latter, which was under- 
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taken at first by the firm, has since in most cases been taken over by the 
men. 

e. Machine Tools. — Most of the works are well equipped with 
machine tools capable of dealing efficiently with large work, but the 
tools for medium-sized work appear less suitable and not as a rule 
particularly well handled. There was an almost entire absence of 
automatic machinery, which, considering the large size of the works 
and the high pitch to which standardization has. been pushed, would 
appear strange were it not for the low rate of wages which prevails. 
What machine tools were seen appeared to be built on the American 
lines of cheapness combined with strength sufficient for a few years, 
after which new and improved tools would be bought. 

A neat magnet for holding iron castings on to a milling or planing 
machine was shown. It consisted of an electro-magnet, the poles of 
which were cut into the shape of teeth and almost touched one another, 
being kept apart by a strip of brass following the curve of the teeth. 
Thc work was subsequently demagnetised by an alternating current. 
A similar arrangement was seen in the form of a magnetic lath chuck. 

In one of the works the counter shafting, driving lathes, etc., was all 
so fixed as to be readily movable along girders fixed to the ceiling, so 
that it could be moved to suit new machines as required. 

f. Driving of Shops.—The usual practice would appear to be to use 
direct-current motors for this purpose, though the A.E.G. employ three- 
phase motors throughout, even for cranes, where a torque of two and a 
half to three times the normal is said to be obtained at starting without 
an excessive current. Whether the load is rigidly coupled to the motor 
or is driven through a springy coupling could not be definitely ascer- 
tained. 

Small induction motors have as a rule short-circuited rotors and wire 
resistances in the stator, while large motors are started by liquid 
resistances, usually in the rotor circuit. These resistances generally 
consist of lead plates dipping into iron vessels containing the electro- 
lyte which forms the neutral point of the system. When right down 
three switch contacts short circuit the whole resistance. A solution 
of soda is the liquid most generally used. Although the more general 
practice seems to be to employ a separate motor for each machine, 
some prominent exceptions were noticed. The feature of the machine 
tools at the Dresden Railway repairing shops were the speed cones. 
One set of cones is mounted on an adjustable frame which can be 
screwed up nearer to the second cones when required, so as to leave 
the belt slack for changing. The drive is in this case only two to three 
fcet. 

As regards motor starting switches, there appears to be more metal 
employed than is usual either in this country or in America. Less 
attention is given to finish, but the whole construction seems more 
massive. In the case of one particular crane starter, the switch contacts 
consisted of blocks of carbon and copper pressed into a solid mass. 

g. Miscellaneous.—The drawings employed in the shops of one firm 
were inked and coloured and mounted upon thick mill-board about 
4 feet square. In most of the other works visited, unmounted blue 
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prints, say 5 feet by 2 feet, were used. In one works neat celluloid 
cases were used, into which the drawings could be slipped and so kept 
clean. 

The general impression gathered appears to be that everything 
looked as though it had been specially made for the particular purpose 
in view, and not simply built up out of materials at hand. In other 
words, nothing in the nature of a make-shift was to be observed. 

Different works appeared to have had different objects in view, 
some seeming to strive after neatness and workmanlike finish, others 
after solidity, and others again after cheapness of manufacture. 
Throughout it was noticeable that less attention was given to minute 
details of heating and efficiency, such as often loom so large in our 
own specifications, but rather to general adaptability, price being 
considered at any rate as an important feature if not as the most 
important feature. 

As regards fittings and wiring, the former appeared on the whole 
rather flimsy and * cheap,” while the latter, though perhaps safe, was as 
a rule, to say the least of it, unsightly, consisting as it did almost 
exclusively either of metal pipes or of wires slung on porcelain 
insulators, the latter being often found even in private houses. 


3. DESIGN, ETC. 


a. Switchboards.—Nothing in the way of manufacture would appear 
to call for special notice except perhaps the electrically or benzine 
heated soldering-irons, used in some cases, the handle of the latter 
forming a reservoir for the benzine. Some small motor-driven portable 
drills were seen at work drilling marble slabs, the weight of the motor, 
which rested upon the slab, exerting sufficient pressure to press the 
drill home. 

White marble slabs are almost exclusively used, the joints being 
either left exposed or being covered up by half-round strips of brass 
fixed against them. 

High-tension fittings were mounted upon porcelain insulators, 
and in the case of high-tension switches, which were usually fixed 
behind the board with insulated levers passing through to the front, 
very long breaks were allowed. That for 3,000 volts would be то to 
15 inches, and for 10,000 volts 20 to 30 inches as an average. 

A heavy current fuse for 9,000 amperes at 220 volts was shown 
which consisted of eight or ten “ presspahn” tubes, each with a copper 
wire passing through it, and all connected in parallel, the whole being 
contained in an outer protecting glass tube 24 inches in diameter. 
Some high-tension fuses were scen constructed on the same principle, 
only having glass tubes in place of “presspahn.” In this connection 
the so-called Sfoefsel (plug) fuses should be mentioned. The fuse itself 
is mounted in a small round box fitted with an Edison screw cap, so 
that by merely screwing it into place the fuse is inserted in circuit. 
Several ingenious methods are employed to render these fuses more 
interchangeable. The usual practice seemed to be to fix all switches 
etc., in a room behind the board, while regulating resistances аге 
placed in a cellar below the switchboard gallery. 
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As regards measuring instruments, the most noticeable feature was 
perhaps the want of originality in adapting them to modern require- 
ments. Whilst in this country edgewise and illuminated dial instru- 
ments have been long uscd, nothing but round dials, 6 inches and 
8 inches in diameter, were to be seen. A very large number of hot- 
wire ammeters and voltmeters were in use, but the general opinion 
appeared to be that now that satisfactory dead-beat instruments for 
alternating currents can be obtained, they will no longer be so exten- 
sively employed. The entire absence of all recording instruments was 
very noticeable. Most of the alternating-current boards were provided 
with round, direct-reading wattmeters—a practice which might well be 
copied in this country. 

b. Direct-current Dynamos and Motors.—Although the direct-current 
dynamo occupies a place of comparatively small importance in Ger- 
many, it is evident that its design has received very careful study, and 
great uniformity both as regards manufacture and design is noticeable. 
Increase in diameter and reduction in armature length seems to be the 
general tendency at the present time. 

Whilst it is impossible to go into detail, a few of the main points 
noticeable may be enumerated. With one exception paper is used as 
the insulating material for armature core plates. Many laminated poles 
were met with, the laminations being about 4; of an inch thick. The 
whole armature and commutator were always well ventilated, and 
usually a clear hole was left right through from end to end. Formers 
for small machines are usually made of some such material as press- 
pahn or stabilit, while for larger machines zinc is usually employed. 
W'ood flanges are never used. One firm builds up its armature core 
plates and mills out the slots afterwards ; if this is done dry there are 
said to be no evil effects due to eddy currents. Multipolar machines 
are almost universally series coupled, so as to avoid cross currents 
arising from unequal pole strengths. When heavy currents have to be 
carried, two or three series coupled windings are connected in parallel. 
With the exception of one firm, cast stcel is almost universally used in 
place of cast iron except in very small sizes. Almost all the armature 
coils are wound upon frames ready for slipping into place, and the 
taping is done by a neat machine worked by a small motor. 

c. Alternators and  Allernating-current  Motors.—The methods of 
manufacture and design in the case of these machines appear to be 
much more tentative and experimental than is the case with direct. 
current machines. Stationary external armatures are universal, while 
many magnets are wound with copper strip on edge left bare on the 
outer surface and insulated by *PressPalin" or some similar material. 
The winding of these coils is a matter of considerable difficulty, but if 
well done they have a neat appearance and the cooling surface is of 
course very cífective. The armature windings are usually threaded 
through micanite tubes extending in the case of high-tension machines 
some two or three inches at either end. 

Leblanc “ Amortisseurs" are much used to improve parallel run- 
ning, but the short-circuit pieces only extend through the width of a 
single pole and not from pole to pole as was at one time usual. The 
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same effect is produced in some cases, though of course less efficiently, 
by the use of massive pole pieces. As regards parallel. running it may 
be remarked that it is most unusual to connect an unloaded machine 
on to the 'bus-bars, an artificial load being still almost always used. 
The tendency now appears to be to “ wind” the rotors of even the 
smallest induction motors, and even when short-circuited rotors are 
used the “squirrel cage” is often replaced by a winding in which the 
current has to pass through two or three turns in succession. In one 
firm at least a careful test is made by means of a lamp for contact 
between the core plates and the bolts holding them together. 

The “А.Е.С.” have lately introduced a novel method of holding the 
armature plates of alternators; in place of the massive cast iron or 
cast-steel frames into which the core plates are usually fixed, two rings, 
one at either side and bolted through, are employed. These carry the 
necessary feet for holding down the machine, and are strengthened by 
six or eight tie rods forming chords to the circle. This lightens the 
machine and gives a larger cooling surface to the core. A large three- 
phase machine of this type is running at the A.E.G. Supply Station, 
giving 1,100 kilowatts at 107 revolutions per minute. It is said that by 
unscrewing two of the tie rods, together with the clamps on the cast- 
iron rings, it is possible to lift off the top half without fear of springing. 
Further, as the machine gets hot the armature discs expand more than 
the tie rods, and the only effect is, therefore, to stiffen the whole 
structure. 

In conclusion, the Committee records its thanks to its reporters : 
Messrs. L. Andrews, H. W. Clothier, C. Day, K. Edgcumbe, A. H. 
Foyster, H. A. Mavor, and P. W. Sankey. 


REPORT OF THE COMMITTEE ON TELEGRAPHS 
AND TELEPHONES TO THE COUNCIL OF THE 
INSTITUTION OF ELECTRICAL ENGINEERS 
ON THE VISIT OF THE INSTITUTION TO 
GERMANY IN 1901. 


The members invited to report on telephones visited the Berlin 
Exchange, where a flat board is in use, arranged for 16,000 subscribers. 
This board is similar to that exhibited by Messrs. Siemens & Halske in 
the Paris Exhibition and is divided into sections cach about 6 feet in 
length by д feet wide, to which the whole of the 16,000 subscribers will 
finally be connected. Each section was in charge of six operators, and 
each operator attended to 100 subscribers. 

The jack and indicator are combined, saving the space usually 
occupied by the separate indicator. The indicator consists of a white 
plunger, which becomes visible in the centre of the jack on the sub. 
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scriber calling the exchange. This plunger is depressed out of sight by 
the insertion of a plug in the jack. 

The multiple jacks used can be individually removed from the under 
side of the board for cleaning or repairs and easily reinserted by the 
use of a special tool, thus saving the necessity for removing the whole 
strip for repair to a single jack. 

The rates of charge are as follows :— 


FLAT Rate. 


M. 180. a year per line for conversations in Berlin and the following 
suburbs, called “ Vororte " :—Adlershof, Charlottenburg, 
Friedenau, Friedrichsberg, near Berlin, Neu-Weissensee, 
Nieder-Schóneweide, Mühlenbeck (Bez. Berlin), Pankow 
bei Berlin, Reinickendorf (Ost), Rixdorf, Rummelsburg 
bei Berlin, Tempelhof, Wilmersdorf bei Berlin. 

M.209. a year per line for conversations in Berlin, in the “ Vorone 
and the following suburbs called “Nachbarorte” 
Cópenick, Friedrichshagen, Gross-Lichterfelde, бош 
Hoppegarten, Ludwigsfelde, Neuenhagen, Nowawes- 
Neuendorf, Oranienburg, Potsdam, Spandau, Steglitz, 
Tegel, Wannsee, Zehlendorf. 


MEASURED SERVICE RATE, at 5 Pfg. each. (402 connections a year 
obligatory.) 


M. roo. a year per line for Berlin and the suburbs called “ Vororte.” 
М. “об. extra for each connection to suburbs called “ Nachbarorte.” 


COIN-IN-THE-SLOT MACHINES. 


M. ‘20. for 3 minutes in Berlin and the “ Vororte." 
1.265 $3 » in Berlin and the * Nachbarorte." 


About 25 per cent. of the present subscribers are on the toll rate and 
75 per cent. on the flat rate. 

It was stated that each operator can attend to from roo to 160 
subscribers on the flat rate, and the average number of calls per 
subscriber per day is given as about sixteen. On the toll rate each 
operator can attend to from 250 subscribers, and the average number 
of calls per subscriber per day is stated to be two. 

In the larger towns coin-in-the-slot telephone apparatus for the 
general public had been largely introduced. 

As regards protection between traction overhead wires and telegraph 
and telephone wires, while guard wires were used in some places, 
guard nets scemed to be favoured in others. These had a wide mesh, 
perhaps 9 inches to 1 foot. In Hanover, on the other hand, some of 
the span wires for the trolley wire itself were nee to the iron 
telegraph posts. 

The telephone service in Berlin is discontinued when thunder- 
storms are threatening. 
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Мг. W. Н. PATCHELL: One very important item which has been 
missed from the Report, because no record of it from our detailed 
reporters has reached us, is the Ems-Dortmund Canal. I have placed 
on the table a book which acted as a sort of guide-book when the 
German Emperor took some of his warships through the Canal. ІЁ is 
very interesting to us, both electrically and as a magnificent piece of 
civil engineering ; the motor power for the ship lift is wholly electrical. 
At the present time the dynamos are driven by steam engines. Later 
on, when the Canal is complete, it is proposed to put turbines at the 
power station and drive them with the water which will run through 
the Canal, due to the difference in level from the two points in the 
Rhine which the Canal will tap; so that they will get a constant 
flow of water sufficient, with the addition of a battery of accumulators, 
to supply all the motive power to work the ship-lift. Тһе Canal 
will then be practically self-acting ! The ship-lift is an enormous 
basin or tank of 3,000 tons carrying capacity, with five floats, each 
of 600 tons, which are submerged, so that it is practically balanced. 
When a ship is to be lifted to the higher level, nothing remains to 
be done but to let it into this huge tank, shut the gates at the ends 
which are made tight by india-rubber seals, then start the motor 
at the top. This motor drives a lay shaft, which goes the whole 
length of the top of the tank-frame. There are six long screws, 
26 metres long and 300 millimeters diameter, with a 100-millimetre 
hole through them. These screws are worked by the motor, and 
engage in loose nuts on the sides of the tank, so that by turning 
these screws up goes the ship. The ship-lift was worked for my 
inspection, and it took just two minutes and two seconds going from 
the bottom to the top, and from the top to the bottom. It is rather 
impressive to see this huge lift worked by a small motor. "The starting 
current is about 400 amperes, the running current 250, with a pressure 
of 235 volts ; and that for lifting 3,000 tons is a triumph for civil and 
electrical engineering. As a mechanical piece of work the ship-lift 
is most impressive. But what struck me most of all was the screws. 
They must have some good tackle in the machine shop to make screws 
26 metres long and 300 millimetres diameter, if they can turn them out 
so satisfactorily. I should like to mention another matter which is 
referred to in one of the reports—the water-tight motors which are used 
for pumping. "Through the kindness of Messrs. Lahmeyer, who also 
arranged for me the inspection of the Ems-Dortmund Canal, I was 
enabled to see one of their motors down at the bottom of the 
Caternberg coal mine at Zollvercin. We went down 400 metres to 
see it, and there we found this three-phase motor. At first sight it 
looked like a horizontal stcam engine, with two cylinders and the fly- 
wheel in the middle. The cylinders, of course, are the pumps which 
are driven direct off the motor. by cranks. The motor runs at бо 
revolutions a minute, and 15. three-phase, 700 volts pressure. Тһе 
starting is very interesting. When they want to start the pump which 
lifts the water direct in one lift of 400 metres up to the top of the mine 
the engine at the top driving the dynamo is started very slowly. There 
is a sort of short-circuit valve on the head valve of the pump, and also 
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on the suction valve ; these are opened letting a little water back, and 
pulling the pump over the centre. They then shut the valve, telephone 
up to the engine-room to quicken up the speed of the engine on the 
bank, and the pump runs away. The parts of that motor, which I was 
informed by one of Messrs. Lahmeyer's engineers was something like 
18 feet across, were all got down the pit in very small sections. It isa 
triumph of electrical engineering to see that motor, which I was told— 
not by the engineers, but by the men who had bought and paid for 
it—had worked without a hitch since the first day it was started. 

Ihave а large number of photographs, several of which I collected 
in Germany ; and the number has been very largely increased by the 
kindness of Messrs. Lahmeyer's London house. There is also at the 
corner of the table a book on the Dortmund works and a book on the 
Wiesbaden works, in which are photographs and cuts of the works, 
which I am sure you will find of interest. 

Colonel R. E. Crompton : I should like to add that it is impossible 
for us to avoid noticing the fact that our hosts at the time they were 
showing us their magnificent works were then face to face with a great 
financial crisis. I think we ought to put on record how plucky it was 
of them to take us round in the way they did and to put a brave face 
on it at the time when they were all very much depressed by the 
general collapse of mercantile affairs in Germany. Although this was 
very hard upon them, it gave us the advantage of seeing them at work 
in the stress of a very hard time, and that is a chance which is very 
seldom afforded to an inspecting party such as we were. But I think 
it makes all the more clear how grateful we ought to be to those 
gentlemen who never varied in their attentions, never varied in the 
courtesy with which they explained every important detail to us. My 
friend, Mr. Siemens, tells me that he wishes to say that also when he 
comes to speak. But I do not think it can be repeated too often, 
because I think in cases of this kind, although we are engineers of two 
nations, those of one nation should sympathise with those of the other 
when they are passing through such a crisis as Germany has recently 
passed through. We saw those magnificent works and we also saw the 
other side of the picture, i.c., what their heavy capital expenditure 
entailed on them at the time when work became slack. Therefore, the 
lesson that we have to learn from our German visit ought not to be 
lost on those amongst us who have to study these things. As in the 
case of the last speaker, I mvself and those who reported will be very 
glad to answer any questions that arise in the course of the discussion. 

The PRESIDENT: I would like Mr. Alexander Siemens, who was 
good enough to act as leader to the members in the course of their 
visit to Germany, to open the discussion on these most interesting 
reports. 

Mr. ALEXANDER SIEMENS: As Colonel Crompton has alreadv 
indicated to you, the President was good enough to tell me beforehand 
that he would call upon me. I thought that as I had acted as leader и 
would be fitting for me that I should open the discussion by repeating 
the thanks which I have already had the pleasure to express to Herr 
Rathenau in Glasgow, when we happened to be together there, for the 
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uniform kindness we have met with in Germany during a distressing Mr. Siemens. 
time for them and during a time when, for other reasons, one might 
perhaps have thought that there would not be a very friendly feeling to 
Englishmen. But all those who went on that tour would agrce with 
me that nothing could have exceeded the kindness with which we were 
treated. A good many of the firms which reccived us took a great 
deal of trouble to show their appliances and methods to the members. 
The arrangements for our convenience which were made by the 
German firms were perfect of their kind, especially in Berlin, where 
we were nearly worked off our feet in order to see as much of the 
interesting electrical installations which are there as we possibly could 
in the limited time. The Verband Deutscher Elektrotechniker who 
invited us to their meetings at Dresden were also very kind. That 
some of our members did not understand German and could not 
follow the proceedings was to be regretted, but Dresden is a town 
where they could spend their time very usefully and very agreeably, 
even if they did not listen to technical papers. The various works 
which we saw there were extremely interesting. I should have thought 
that the Committee might have called attention to the station which 
was made to light and heat the royal palace in Dresden and also the 
famous picture gallerics. It was, of course, of the greatest possible 
necessity that all these buildings should be thoroughly lighted and 
thoroughly warmed and at the same time that the danger of fire 
Should be avoided as much as possible. Quite a party of us saw 
the central station where the heating and lighting is done and 
passed through the tunnels which were made from that station to the 
various galleries where the steam pipes for heating and the clectric 
lines for lighting were all brought from the central station to the 
various buildings. As such a question of how to heat and light a 
building with the greatest security against fire frequently crops up 
here in Ergland, that installation was an extremely interesting one ; it 
was very well thought out and completed. In the paper reference has 
been made to the financial position and to the different systems which 
prevail in Germany of the banks being greatly interested in industrial 
undertakings. In very close connection with that subject is the 
circumstance which Mr. Patchell mentioned—that manufacturing 
firms have undertakings, central stations in various places, and work 
them, providing the capital and doing the business as well. That is 
really the system which has led to this crisis, and which I for one do 
not approve of at all. I think the manufacturing business and the 
exploiting business are totally different things requiring totally different 
capacities—I mean mental capacities—and therefore they ought to be 
kept entirely separate. I think if we do not follow the German 
practice in those respects we shall not go wrong. One of the first 
things we saw in Germany was the electric tramway in Hanover. 
That is extremely interesting because it is a sort of combination light 
railway and tramway. The lines have been extended from Hanover as 
far as Hildesheim. There is, roughly speaking, an outer circle of 
tramways, I think nearly five miles out of Hanover, and there are 
numerous radial lines which connect the circle with the town, and (ће 
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produce from the country is brought into the town by these tramways 
and brought direct into the markets. Up to now the town of Hanover 
objected to the overhead system in the town, and to solve the difficulty 
the company is running their trams with accumulators in the inside of 
the town. I mention this because Hanover has been held up so very 
often as a good example of how accumulators can be successfully 
employed, and will work very well and can be charged while the tram 
is running on the overhead system outside the town or in the suburbs. 
Some months ago, however, the company petitioned the town to allow 
them to bring the overhead system through all the streets, confessing 
thereby that the system of accumulators has been a failure in practice. 
I think that is an extremely important point, because some people have 
blamed the County Council that they have not tried the Hanover 
accumulator system here in London instead of going in for the under- 
ground conduit. The system in Hanover has practically proved a 
failure, and not only that, but I have just heard that the company has 
got into difficulties and that they have been compelled to call up some 
further capital—they had the capital still to fall back upon—but any- 
how it is thoroughly proved that that accumulator system in Hanover 
has failed. | 

It is perhaps interesting to mention that those cars which we saw 
at the “A. E. G." works in Berlin, and also at Siemens and Halske, 
and which were destined to be tried on the military railway at Zossen, 
at high speeds, have been in use since. I think the highest speed 
obtained has been 150 kilometres per hour—about 94 or 95 miles 
per hour. Of course, the speeds have been increased very gradually ; 
they have, on the whole, been extremely successful. They had, of 
course, small failures, but the interesting part is that some experiments 
which had been made beforehand about air resistance, in connection 
with which I will refer you to a paper read before the Civil Engineers 
for further details—those experiments have been confirmed in actual 
practice by the resistance which the cars really showed during the 
runs. 
Then I would call attention to another phase of German electrical 
engineering, namely, the telephone business. You heard that under 
the flat rate system of Berlin the calls from subscribers amounted up 
to sixteen a day. This is very high, and this very frequent use of the 
telephone results from the fact that it has been very much more 
adopted in Germany than it has been here. "Thus it is well known that 
nearly all private houses have a telephone, that, of course, all trades- 
people have one, and that a lot of the housewife's work is done by 
telephone in Germany. : t 

I was not present at the Ems-Dortmund Canal, unfortunately, s 
I saw the overhead railway at Elberfeld. I must say it is very quA 
ing how beautifully and smoothly.it works, but we must wait for the 
financial results before judging whether it is worth imitating ог not. T 

Major-General WEBBER: There are probably so many e 
present who accompanied the party on the excursion that 1 shall 5 в 
occupy your time with more than one or two remarks. I wish SIMP- 
to ask for information on certain matters on a subject, namely, 
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telephone service, which at present is very prominently before the 
public. I would like to point out to you that, according to the descrip- 
tion given, the telephone in Berlin is apparently laid out on what 
may be called a radial system. The diameter of the inner area may 
be about three or four miles. Thus for a radius of two miles the 
charge is £9, and for a radius of one or two miles more, “ Vororte," 
they only increase the rate by £1, namely, to Сто. The rate for the 
“Nachbarorte” is not given. It would be interesting to know what it 
is. The Germans have, I believe, profited by the experience of other 
nations, and profited very much by the original mistakes as regards 
telephone work in this country. It looks as if they have learnt to 
regard telephony from the true point of view, namely, as essentially 
a means of local communication ; and that as a service for distant 
communication (in which it is expected that provision should be made 
to enable us to speak to John o' Groats or Land's End), subscribers 
ought to pay far more than is now paid. | 

As regards classificalion, the Germans have, I understand, in some 
places adopted classification as applicable to time, that is to say, the 
hour at which you use the telephone during the twenty-four, thus 
distributing the load-factor on the wires in a way which ought to have 
been undertaken long ago in telegraph work, and I should like to sce it 
adopted here in telephone work. Thus the toll-rate should be much 
less during the idle hours than during the busy hours of the day. My 
questions are more in the form of suggestions. I hope there may be a 
few minutes left at the end of the discussion to enable Mr. Kingsbury 
or those who reported to give a few more details than are contained in 
their short report. 

Mr. K. EDGCUMBE : There is one point I should like to touch upon, 
and that is in connection with the testing of gas engines. We were 
shown some rather interesting! magnetic brakes at Messrs. Kórtings' 
works. They consisted of electromagnets revolving inside an outer cast- 
iron yoke, through which water circulated. Therevolving magnets gene- 
rated eddy currents in the yoke, and consequently formed a brake to the 
gasengine. Itseemed to me that it was rather a rough-and-ready way of 
doing it. Of course they took the temperature of the water, and so arrived, 
I suppose, at somewhere near the temperature of the iron itself ; but 
when one comes to think that the increase of resistance of iron is 
something like 4 per cent. per degree centigrade, it would seem 
probable that the inaccuracy due to this cause would be even greater 
than that introduced by belting on to a dynamo in the ordinary way. 
There were some other magnetic brakes shown at Messrs. Siemens and 
Halske's works for small motors, in which a copper disc revolved 
between magnets. In that case the torque of the discs was balanced 
by an adjustable weight-arm, and consequently the readings were 
absolute. | | | 

There seems to be a good deal of difference of opinion as to whether 
the banking system is good or bad for the industry in general. One 
thing seems certain, however, and that is that it makes it difficult to 
properly estimate the value of various plants. Experiments must come 
in а good deal. When one firm has been carrying out the work and 
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also financing it, and in fact is responsible in every way, there is rather 
a tendency for that firm to launch out into experiments. That, of 
course, is a first-class thing for the industry in general, but whether it 
is a financial success is perhaps a little doubtful. Also I think the 
results are made less public than they are with us. If there is any 
failure at first it can easily be tinkered up, and the final job is invariably 
made a success, but whether that stage is reached straight off is a little 
questionable. 

It would be of great advantage if some speakers could tell us about 
the labour question in Germany. No doubt every one has been reading 
lately the articles and letters in the Times on the subject, and it would 
be interesting if we could be told what effects trade unions are having 
in Germany. It would also be interesting to know what the employers 
liability is there, and how far the men have their own sick clubs, old- 
age pensions, and so on. | 

Mr. С. HOOGHWINKEL : I should like to be allowed to submit a few 
remarks with reference to the paragraph in the report of the Committee 
on Traction, Light, and Power, which refers to the use of an un- 
insulated middle wire. This system is in almost universal use in 
Germany—in fact most of the modern lighting schemes are laid out with 
this arrangement for the neutral wire. It is, moreover, almost always 
specified by the Local Authorities in German cities and towns, and is 
adopted whether traction schemes already exist or not. I may also 
mention that on no occasion, to my knowledge, has the system of an 
uninsulated middle wire been opposed by the Postal or Telephone 
Authorities, which bodies in Germany are even more exacting than in 
this country. 

It is the practice in England to lay the neutra] conductor, in three- 
wire continuous current distributions, of a section equal to about 50 per 
cent. of the outers, and this size has been more or less standardised by 
the cable makers. On the Continent a proportion of about 25 per cent. 
for the neutral conductor is the rule, and as it can be proved that this 
is quite sufficient in a well-designed network, considerable reduction of 
capital cost could be effected by adopting in this country a system of 
bare neutral wires with the approval of the Board of Trade. 

Acting on my suggestions, the Company with which I am associated 
is now approaching the Board of Trade on this point. It therefore 
seems worth while to point out a few of the advantages which this 
system offers. · 

The chief points are : (1) Greater reliability in working. (2) Cheap- 
ness of distributing mains. (3) Cheaper and easier house service con- 
nections. (4) Facility in laying distributing cables both sides of a street 
without greatly increased capital expenditure. The middle wire can 
be readily divided and taken down each side of the street together with 
one of the outers. 

As the advantages set out under (2), (3), and (4) are obvious, there 
only remains to investigate (1). 

The allowable loss of volts in the middle wire over its entire length 
may be taken as {hree volts if no great number of arc lamps аге in the 
circuit, In the latter case it is usual only to allow a loss of volts on the 
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middle wire equal to one volt. With a difference of pressure of three 
volts no danger to gas or water-pipes or of telephone disturbances is 
possible, because practically no current passes through the earth. If 
the middle wire is too small, a portion of the neutral currents will find 
its way through the earth, in which case a bare neutral wire will begin 
to get oxidised. Other things being equal, the earth currents or leakage 
currents become smaller, the less the potential differences between 
various points in the middle wire, and also the smaller the metal surface 
of the middle wire in contact with earth, and the larger the extent of 
the network іп one direction ; that is to say, for elongated networks a 
greater loss of voltage can be allowed in the middle wire than in shorter 
networks. However, it is necessary to calculate a bare middle wire 
with some margin, not only to reduce the drop of voltage but also to 
compensate for the loss of section due to oxidation. The advantages 
of a bare middle wire as against an insulated one will be evident from 
the following observations: It is a well-known fact that, given two 
equally well-insulated leads, the negative one shows after the same 
time a much lower insulation, which can at times reach such limits that 
the negative finally goes to earth (osmosis). When, then, an insulated 
middle wire is used, the negative outer shows in time a proportionately 
bad insulation, the insulation faults mostly arising in the houses. If a bare 
middle wire is used, such faults may arise, but they cannot last, because, 
owing to the earth on the middle wire, the fuses in the respective outers 
go. Then before the light can again be set right, the faults have to be 
repaired. Thus, a bare middle wire offers a guarantee that faults in 
the outers will not remain unlocated or unrepaired. 

As, however, in an installation of several thousand lamps it is im- 
possible practically to carry out a systematic control of the insulation 
(except through the automatic action of the fuses with a bare middle 
wire), it is necessary in the case of an insulated middle wire to remember 
that the negative lead will in time have a more or less complete earth 
at certain points, as practice has shown in many towns. As long as 
the insulation of the two other leads (positive outer and middle wire) 
remains good, this circumstance can only cause disturbances in telephones 
in the form of leakages of current from one faulty spot to another on 
the negative lead, in proportion to the differences of potentials. These 
potential differences, as a general rule, do not exceed two volts, so that 
these disturbances cannot be very considerable. These earth currents, 
however, will always be greater than the earth currents arising from a 
bare middle wire, as in the latter the differences of potentials are not two 
volts, but only a fraction of a volt. The circumstances, however, alter 
very much to the disadvantage of the insulated middle wire, if through 
any cause an insulation fault arises in it or in the positive outer lead. 
These earths might be removed from each other by the whole stretch 
of the distribution net, and if in the neighbourhood of these different 
points there were telephone connections with earth plates, the leakage 
currents would partly find their way into the respective telephone leads 
and apparatus. It is also to be remarked that if the places at which 
there are faults do not develop a complete earth, the leakages of current 
might very easily become serious enough to disturb the telephone 
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working, but not serious enough to melt the fuses: In such cases it 
remains quite uncertain where the faulty points really lie until a 
systematic test of the cable network has been undertaken. The dis. 
turbance therefore does not indicate itself through the melting of the 
fuses, but remains on until, by means of a systematic and lengthy test, 
the faulty places are located and separated from the cable network. If 
now the middle wire is put to earth, the likely area within which earth 
currents can arise with insulation faults in the outers, and the length of 
time during which the disturbance can last, are considerably limited ; 
and this limitation is the greater the larger the number of the points 
on the middle wire that have complete earth connection. If the middle 
wire is connected for its entire length direct to earth, the currents 
arising from insulation faults would, for the most part, pass from the 
faulty places to the nearest point of the middle wire, and would only 
utilise the earth іп the second place—that is to say, іп so far as the 
middle wire does not suffice to conduct the short-circuit current in its 
full strength. As the fuses immediately melt in this case, it results 
that this rush of current is limited to a few seconds, and can produce 
no lasting disturbance, as it would in the case of an insulated middle 
wire. Now,it must be remembered that the mere laying of the middle 
wire bare in order to attain for its entire length a good earth is not 
sufficient, for in dry places there is always a certain, even if very limited, 
insulation between the wire and the soil. 

In order to attain as nearly as possible the above described ideal 
conditions, I recommend a connection of the middle wire and the 
armouring of the outer wire at intervals of about fifty yards by means 
of section wires. Inthe case of any damage to such an outer the short- 
circuit current would only find its way through a limited portion of the 
earth, and would chiefly go through the iron armouring and through 
the next section wire on to the middle wire. 

The system described in the above has been successfully worked in 
about a hundred large towns on the Continent, among which may be 
mentioned Frankfurt, Bonn, Hamburg, Madrid, Barcelona, Genoa, 
Osnabrück, Bochum, Baden-Baden. 

Mr. J. GavEv: I have not very much to add to the report on 
telephones; I would merely remark that in a paper which I had the 
pleasure of reading before the Institution in November, 1900, I gave 
a general description of the switch which is referred to here. Those 
interested in obtaining further details might perhaps with advantage 
refer to a well-illustrated description of the system issued by Siemens 
and Halske. Perhaps I may state incidentally that Mr. Siemens, when 
he speaks of the number of conversations per diem in Berlin as sixteen, 
refers only to the flat-rate subscribers. But if he makes allowance for 
the measured-rate subscribers, who only average two talks per diem, I 
think it will be found that the average is reduced to 12°5 per diem per 
subscriber, and I have been told that this is exactly the average of the 
subscribers to the National London Company's system. If I am wrong 
on that point I daresay there is some gentleman representing the 
National Company here who can correct me. The most important 
portion of the report deals with the question of rates, I observe that 
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the inner rate in Berlin is now practically £9 per annum. A short time 
ago it was £7 10s. so that presumably the German administration 
have found that the lower rate did not pay them, and they have had 
to raise it to the figure now quoted. However, there is one point of 
some little interest, namely, that the measured service rate is practically 
very much that which has now been published by the Post Office for 
the Metropolitan district; in other words, if I render the currency 
rightly, it is an initial subscription of £5, plus a minimum charge of 
205. per annum ; in other words it is £6 for 400 conversations. I need 
hardly remind you that the Post-Office rate for measured service within 
the London County Council area is £6 10s. for 360 conversations. 
This question of rates is one that has excited a great deal of public 
interest in London, and I am afraid that if I were to follow the 
promptings of the Old Adam in me I should be tempted to enter the 
arena, and to review the whole subject, which could be judged so 
impartially by the members of this technical Institution. I restrain 
my ardour for tworeasons. First, I am afraid the question must at the 
outset be dealt with in another place, and secondly, it would take up 
much more time than is available to-night. I should like simply to 
make one remark, and it is this: There is only one London in the 
world ; owing to its area and its huge population there is not another 
place where the problems to be solved, electrical, mechanical, and 
financial, can be equalled or can be compared with those which have 
to be dealt with in Greater London. 


Mr. D. H. KENNEDY: I should like to make a few remarks on the M 


telephone question. With regard to the calls per operator, at the 
commencement of the report we read that each section is in charge of 
six operators, and each operator attends to one hundred subscribers. 
Further down it is stated that each operator can attend to from one 
hundred to one hundred and sixty subscribers on the flat rate, and that 
on the toll rate each operator can attend to from two hundred and fifty 
subscribers. I should like to ask whether those figures are the assumed 
maximum, for an operator, or whether they are obtained from actual 
working conditions. Also I think it would be of interest to telephone 
engineers to know whether the flat-rate subscribers are connected to 
separate boards, or whether they are mixed indiscriminately. It would 
also be interesting to know the proportion of calls for the busiest hour. 
The flat board usually involves a canopy. I think telephone engineers 
would be glad to know whether in Berlin they suffer abnormally 
from dust troubles owing to the facilities which a flat board offers for 
the dust to enter the jacks; and further whether they have abnormal 
troubles from worn pegs working loose, and thus causing premature 
disconnections. Another matter which arises in connection with the 
flat board and its canopy is the health question. We read that the 
multiple jack is attended to by six operators, and from the figures given 
it appears that on each side of the board there would be rows of young 
ladies spaced two feet apart in the one line, the two rows being four 
feet apart. It would be interesting to know whether it has been known 
to have any bad effect on the health of the operators. I believe it isa 
fact that in some large offices in this country, where operators at one 
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time sat in rows facing one another, arrangements were made at great 
expense to alter the desks so that they all sat facing one way. І believe 
that was entirely owing to the health consideration. 

Mr. W. AITKEN: I wish to ask a few questions and make a few 
remarks in connection with the telephone section. The Berlin board 
has a jack and indicator combined, and I should like to know if this is 
used for the clearing signals, as it does not seem to me to be suitable, 
as it would have to be mechanically replaced. 

Then with regard to individually removing the multiple jacks, 
I do not think that is a thing very much to be desired. It is usual to 
remove them in strips of twenty. In regard to the number of calls per 
subscriber in the larger exchanges of London—the Avenue, for instance 
—there are 16:5 calls per flat-rate subscriber, and in Liverpool there are 
twenty. 

In connection with the telephone area, the German area is, 
according to the gentleman who raised this question, from six to 
nine miles in diameter. What is London's? From Redhill to 
Waltham Cross—south to north—over thirty miles ; from Kingston to 
Tilbury—west to east—is also over thirty miles, a little in favour of the 
London area as regards the territory over which it is possible to 
telephone. With reference to Mr. Kennedy's remarks, in no case in 
this country have the operators been removed from one side of a flat 
subscribers’ switchboard. In the Berlin Board there is no canopy. 

There is one remark in the early part of the paper in which I am 
interested. I was rather surprised that Mr. Crompton thought portable 
soldering irons heated by benzine a novelty or worthy of a special 
notice. In 189o or 1891, a London firm made for me some of those 
instruments (the old Swedish torch with soldering bit attached) in 
accordance with a suggestion made by one of my staff, and they have 
been used very largely in telephone work. Particularly on trunk lines 
were they found invaluable, as it was very inconvenient to carry a fire 
pot, and formerly wires were frequently left unsoldered until a more 
convenient season. 

Mr. J. G. LORRAIN : I may point out that the argument of the last 
speaker on the question of telephone area is entirely misleading. It is 
not a question of the number of square miles of area, but of how that 
area is occupied. The telephone area in London is occupied by 
buildings, whereas in Berlin it is occupied in the centre by buildings, 
and as to the remainder by land which is not built upon. That makes 
an entirely different question of the whole matter. I quite agree with 
Mr. Gavey that no other telephone centre in the world can for a 
moment be compared with London, where the problem that has to be 
dealt with is sui generis. 

Mr. J. SrórrNER: Much has been said about telephones, and I 
think it will not be out of the way if something is said about the 
remaining contents of the paper. There are a few discrepancies to 
which I should like to draw attention. In dealing with the rotary 
converters in Berlin it is stated that they have an output up to 800 
kilowatts. The largest rotary converter running, which I do not think 
is mentioned here, is 1,250 kilowatts. The converters at the Berlin 
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Electricity Works are built by the Allgemeine Electricitits Gesellschaft 
of Berlin. They are of three sizes, viz., 600, 1,100, and 1,250. 

Then there is a note in the paper about paralleling machines, to the 
effect that they are usually loaded up with an artificial load before they 
are switched into circuit. In modern machines built by the Allgemeine 
Electricitéts Gesellschaft this is not necessary, either with direct or 
with three-phase current. In the former case the machine is simply 
brought up to the proper potential, and then switched on to the 'bus- 
bars ; and in the latter case the machine is brought up to potential and 
into phase and switched on to the 'bus-bars without using any artificial 
load whatever. With regard to the statement that drivers at the Berlin 
central stations are paid 44d. an hour, I do not think this is correct. 
The man we call a driver in England is called the maschinenmeister in 
Germany, and considers himself a very important person, who cer- 
tainly would not work for 44d. an hour. The average salary of the 
machine master runs up to about M.200 to M.250 per month. Further, 
I have not found that engine drivers are employed to scrub the floors. 
I remember very well that some years ago I had to supervise some 
repairs in the Berlin central stations, and found the men knew a good 
deal about the engines, and were very well acquainted with every part 
of the engine-room. The average standard wages in the works of 
Berlin firms for skilled mechanics are also higher than stated in the 
paper, being something like 40 to 45 pfg. per hour, which equals about 
Sd. to 54d., but for smaller work piecework is mostly done, and the 
men earn considerably more. For instance, the controllers in the 
testing and drilling departments have monthly salaries, which at the 
Allgemeine Electricitats Gesellschaft are certainly not below M.150 
per month. 


Мг. M. O’GoRMAN (communicated) : Some remarks upon the subject м 


of cables may be of interest, in connection with the Report of the Com- 
mittee on Manufacturing. German cable manufacture is generally 
conducted on more scientific, but also on more intricate and expensive, 
lines than the English manufacture, which, by excessive thrift, errs in 
the opposite direction. 

In the making of low and high-pressure cables, as distinct from 
extra-high-pressure, the English simple methods have every advantage 
and have been rewarded by great success. Nevertheless, competition 
is to be expected from Germany for several reasons :— 

| (i) The cheap rate of highly skilled technical labour. 

(ii) The fact that it frequently pays to import Westphalian copper 
to London for cable-making. 

(iii) The fact that only technical and physical impediments have to 
be met in Germany to the reduction of insulation thickness, and that 
then there is apparently no legal compulsion to use a supplemental 
conducting armour inside or outside the lead sheath of “extra high 
tension” cables. Furthermore, there do not appear to be any re- 
strictions as to the size of a cable shop, a matter in which at least the 
London Building Acts hamper some of our manufactures. 

(iv) The remarkably good grip of certain technical difficulties :— 

(a) Whereas the weakness of high-tension insulations has, up to the 
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present, been chiefly due to unavoidable dirt in manufacture, pre- 
cautions of extraordinary elaborateness have been made to obtain 
cleanliness. Every machine head which is served by a compounding 
tank has an individual cowl and chimney. Special precautions are 
taken to remove volatilised hydrocarbons from the impregnating tanks, 
and fumes from the lead pots, which besides are frequently heated by 
petroleum fuel to avoid the presence of ash and dust. 

(b) Great floor space is allowed, and excellent illumination. All 
these tend in the same direction.' 

(c) Electric driving, again, is a great help in keeping down dirt and 
dust, and the number of belts is less than in most English factories, 
even when motor-driven. 

(d) Jute and yarn, cotton, etc., are as far as possible used from the 
spool on which they are delivered, instead of being re-wound on to 
special bobbins for the machines. (This, however, is currently done in 
England now.) 

(e) Vacuum Drying.—The essentially technical improvement in 
which the German cable industry is ahead of ours is the adoption of 
vacuum drying, and vacuum impregnating tanks. 

By means of large cast-iron chambers, which are steam-heated, it is 
possible to remove all the free moisture from cellulose and similar 
material without ever raising the temperature higher than 220? F., and 
therefore without producing any of the partial decomposition of the 
cellulose accompanied by evolution of water which invariably attends 
heating at the usual 240? F. for lengthy periods in English cable factories. 
Decomposition of the cellulose by heat apparently depends on time, 
and the time for the perfect drying of high-tension cables by the vacuum 
process is reduced from about 70 hours to about то hours. This fact 
further enables a small vacuum drying chamber to deal with many 
times the amount of material that can be handled by а heated and 
ventilated chamber of the same dimensions. The hygroscopic state of 
the air in the drying chamber is indicated at any moment by a con- 
tinuously-reading indicator, and the superior strength of the fibre which 
has not undergone the preliminary roasting may be expected to give 
valuable results. As practised in certain German works, vacuum drying 
is by no means mechanically perfect, and unnecessary labour and some 
loss of time appear to result from coiling the cable on flat shallow trays, 
without any very apparent advantage over the skeleton iron drum more 
usual here. This practice originally arose from the drying machines 
being primarily designed for sugar and confectionery purposes. When 
we adopt the vacuum principle these minor errors may be avoided. 

Wire Drawing.—Only one English cable maker has adopted the 
important technical step allied to financial policy which is likely to 
have still more important effects as the industry grows, namely, the 
drawing of the copper wire. Unless a maker draws his own wire, he is 
compelled, in order to meet the variety and suddenness of the cable 
demand, to carry large stocks of copper from £30,000 to £50,000 worth 
permanently, and this locking-up of capital must be paid for by an 


* Though the output of the A.E.G. Cable Works at Oberspree is for five 
lead presses, the area is 10,000 square metres. 
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increase on the price of the produce. It corresponds a little to the 
standing-by charges of electricity supply, and the remarkable cheapness 
of cables when bought in very large quantities is evidently due to this 
charge being, as it were, wiped out in the case of such very large 
orders. By installing wire-drawing mills, and purchasing only one or 
two stock sizes of copper wire, the variety of demand may be met with- 
out the delay of waiting for the wire-drawers' delivery, and yet without 
carrying a multiplicity of different sizes in large quantity. Furthermore, 
there is an incidental economy on the operations of winding and 
measuring. It is to be noted that to effect these economies it is not 
necessary to instal rolling mills dealing with pig copper, but only to instal 
such wire-drawing plant that copper of one single size can be stocked. 

Bobbins and Reels for Factory Use.—]t was clear that the rapid varia- 
tion in the class of cables sold, or other causes, had not allowed of the 
standardisation of the sizes of the bobbins and reels. This was the 
more surprising as the cable works visited were comparatively new. 
On the other hand, money seemed to be no object, and this may have 
led to a somewhat wasteful neglect of the fact that bobbins and reels 
represent a very considerable locking-up of capital. This defect is 
equally-noticeable at home, but is as a general rule:due to very different 
causes, such as the old-established nature of the business, and the 
amount of pioneer work effected here. 

The standardisation of cable-sizes adopted in this country by the 
Cable Makers’ Association, which will eventually be an economy not 
only to themselves, but to the makers of switchboard castings, pipes, 
conduits, etc., has been followed by a similar adoption of standards in 
Germany. The point of interest here is, however, that the body which 
corresponds to the I.E.E. (the Verband Deutscher Elektrotechniker) is 
a party to the standardisation. The Joint-Committee passed the 
resolution while the Institution was visiting Dresden. 

Patents.—The German Patent System with its elaborate priority 
search is expected to be shortly imitated in this country, and in so far 
as this may be expected to result in the diminution of the number of 
useless papers which accumulate at the Patent Office, this has certain 
advantages. Nevertheless, it is not found that the German method is 
any better able than our present one to make possible the publication 
of inventions based upon the mixing of compounds for insulation or 
other similar purposes. The result is a number of secret recipes. 

It is admitted that the discovery of chemical or mechanical mixtures 
having peculiar electrical qualities is of great use, and that publication 
would lead to very rapid progress. Indeed it is quite possible that the 
reason why no waterproof flexible substance other than gutta-percha 
has ever been found, may be largely attributed to the fact that allthe in- 
dependent workers in search of such a material are constantly covering 
the same ground instead of starting each where the other left off. The 
willingness with which the cable factories have undertaken a study of 
a new departure in cable design both in Germany and in England is 
remarkable, and in both countries quite a number of cable makers have 
begun to make experimental insulations with the capacity of the 
dielectric “graded” in accordance with the method suggested in the 
Journal of this Institution for 1901 (vol, 30, part 150, page 633), 
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In conclusion, the German cable industry appears to be not somuch 
ahead of ours in present work as in the seeds it has sown of important 
advances in the near future. 

Mr. а. H. Cottam (communicated) : Kérting Gas Engine.—I am sorry 
to note that no reference has been made in the report in reference to 
this. Although I was prevented from thoroughly inspecting this gas 
engine, I was led to believe that in the near future we may get some 
Class of explosive engine that would work so economically with producer 
gas or other agent as to supersede boilers and steam engines. It is 
sufficiently well known, I think, that superheated steam is much more 
used abroad than in this country, and for that reason has not received 
any special mention in the report. It may also be nothing new to the 
British public that the tramways are nearly all worked by electricity 
abroad. I was only able to remain until after the Berlin visit, but I 
scarcely saw any cars drawn by horses. 

Butldings.—The design of the buildings for stations and workshops 
is certainly handsomer than those in this country ; I noticed also that 
the brickwork in Berlin.was better than we get ordinarily in London, 
and the pointing somewhat different. А remark has also been made іп 
the report with regard to the arrangement of shops, as to whether it is 
more advantageous to build large works in one block or in separate 
detachments. Certainly the latter, where the ground is cheap and 
available, gives better facilities for ventilation and light, although 
costing more for transporting goods from one department to another. 

Labour.—This paragraph on page 543 reads as follows :— Much 
difference of opinion seems to exist as to whether the German 
mechanic shows, or does not show, that soldier-like smartness and 
discipline with which he is usually credited, etc." Now, I can speak 
from practical experience of some years abroad, and, as far as 1 have 
found, the military training is very beneficial to the men, both as regards 
orderliness, discipline, regularity and cleanliness, and it is almost an 
unknown thing for men to take time off for drunkenness or the keeping 
of ‘Saint Monday." It is also mentioned in this part of the report that 
a considerable time scems to be wasted both in getting to work and in 
leaving off. This is entirely against what I saw personally, as, instcad 
of the men giving their time in at the gate of the yard, as is done in 
most factories here, and then loitering in the yard before starting work, 
there are time-recording instruments on every floor of the workshops, 
and the employés have to change their clothes before reaching and 
after lcaving the working floor. "There are no means for washing their 
hands in the works proper, but an claborate arrangement for doing so 
outside, so that the employés have no occasion to leave the floor on 
which their work lies until meal times or at the close of the day, as tool 
and other stores are quite handy. I think this arrangement must bc 
conducive to less loss of time during working hours. 

Units Sold.—-Is there not some error in the figures on page 539, as 
those given to me were more than double the figures stated, the units 
generated in Berlin being either 103 or 107 millions for the twelve 
months. 

Treatment of Employés.—On some of the establishments I noticed 
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that they have baths, and supply each workman with a ticket entitling 
him to a bath once a wcek in the employer's time, probably arranged in 
this way owing to the difficulty in accommodating all the men at any 
one time, and in order to encourage cleanliness. 

Handling Castings.—In some of the shops it is the recognised rule 
that after a casting has been roughly milled or planed, and beforc the 
finishing cut is made, it is taken out into the yard to allow it to expand 
or contract as may be necessary, in order to prevent it warping after 
being finished, and I understood that it was found to be very beneficial 
in finishing such work as lathe beds, etc. If I remember correctly, the 
whole of the top of a lathe bed with two V-shaped grooves is shaped 
with a set of milling cutters direct from the rough casting, and without 
being touched with an ordinary planing tool. In onc of the works I 
also saw a very neat arrangement in the form of a revolving table with 
a sand blast for cleaning the castings ; and in the grinding shop, instead 
of each turner grinding his own tools, they have an elaborate arrange- 
ment for drawing off the dust, so that there shall be no detriment to 
the employés—in fact, in most of the shops the ventilation and heating 
is superior to thosein the majority of shops I have seen in Great Britain. 

There is one matter in the design of large engine and machine beds 
that I think our engine builders would do well to adopt, namely, the 
casting of a groove round the bottom of the bed plate to catch any drip 
of vil and water. This tends to keep the floor of an engine-room much 
cleaner, and minimises the amount of washing required. 

Professor W. W. HALDANE GEE (communicated): I remained in 
Berlin after the Institute party had left, and was enabled to make a 
number of visits not in the official programme. At the Bergmann 
works I had the opportunity of seeing the manufacture of the paper 
tubing which is impregnated with a bituminous compound, and after- 
wards generally covered with thin sheet brass. This tubing is very 
largely used in Germany for electric light installations. One of the 
laboratories at the Manchester School of Technology has been wired to 
illustrate this system. My visits included a number of works employed 
in the manufacture of scientific and electro-technical instruments, and 
I came away with the general impression that this trade is being 
brought to a high state of perfection, and the work was being produced 
at a price which seems impossible in England. It is to be regretted 
that only a few of the party visited the Reichanstalt. This great 
institution is doing a fine work for science and the scientific trades of 
Germany. It is mentioned in the report that the taping of formed 
armature coils is performed by the help of a machine. I would direct 
the attention of dynamo-makers to the great saving of time, over the 
tedious taping by hand, that results. 

Mr. A. Н. FovsrER (communicated): It was a disappointment to 
find that the Germans had not experimented further with mechanical 
stokers. The station superintendent in Berlin told me that' they had 
tried one of the early types of English stokers, but it was not successful. 
I understood that the upkeep had been high, and from what we saw, 
and can gather from the illustrations of the generating stations supplied 
to us, the “verboten " against smoke does not press very heavily. The 
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superintendent seemed to think that there was no gain in efficiency 
by using mechanical stokers. 

Some doubt has been expressed as to the correctness of the figure of. 

40 pfennigs per hour as the rate of pay of engine drivers. The figure 
was given by the station superintendent, but I did not understand that 
he meant foremen, as he mentioned, as one of the advantages of the 
horizontal engine over the vertical, that the 3,000 H.P. verticals in the 
Luisenstrasse station took four drivers to attend to each while running, 
while the 3,000 H.P. horizontals only took two. 
i I think the figure of 7:2d., given on page 540 of the report, as the 
price per unit for arc lighting is incorrect. Allowing for half the lamps 
to be switched out at midnight, and adding the £6 for lamp hire, this 
would work out to about £45 per lamp per annum. This seems pro- 
hibitive. I think the error lies in a confusion between 60 pfennigs 
and 16 pfennigs. The latter rate per unit works out about £16 Ios. per 
lamp per annum, which seems more reasonable. 

I should like in conclusion to express a deep obligation to the 
German engineers for not only showing and explaining to us their 
works and machines, but also for the trouble they took in supplying us 
with figures and details regarding the management of their stations. 

Mr. C. LEVEN (communicated): What I wish to point out is, that we 
have learned, from the trip to Germany, that on the Continent more 
multiphase- are used than continuous-current machines, and if only 
everybody in this country would understand that a multiphase machine 
is a good deal simpler than a continuous-current machine, far more 
multiphase work would be done in this country. As a matter of fact, 
multiphase machines are looked upon, by the large majority of people, 
as somewhat mysterious, and as so many engineers have not had any 
experience with these machines, they are not so popular nor used as 
much as they should be. 

With regard to German finances, I wish to point out that German 
manufacturers of reputation and good standing have, as a rule, some 
financial house to back them, and these finance companies, as they are 
called, as a rule have done a great deal to further the interests of 
German manufacturers. At the same time, as it was shown last year, 
some of these Finance Companies who are, in reality, bankers, have 
lost a great deal of money through the trade depression in Germany, 
and particularly through many of the German Companies having 
undertaken large contracts, and, in many instances, received as payment 
too much paper and not sufficient cash, and hence the present 
depression. 

Mr. J. T. MORRIS (communicated) : In the recent German visit, quite 
a number of electric eddy-current brakes were noticed for testing 
machines when running on load. In Messrs. Kórting Brothers' works a 
large brake capable of absorbing about 500 H.P., at 140 r.p.m. was seen 
being used for loading up a gas engine. A multipolar беја revolved 
within a fixed cast-iron framework ; the revolving field, approximately 
6 feet in diameter, was supplied with continuous current through two 
slip-rings. This revolving field induced eddy-currents in the fixed 
cast-iron framework, which was provided with water circulation, by 
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means of which the temperature could be kept constant. Іп order to Mr. Morris. 
regulate the load, the exciting current can be adjusted. The brake has 

to be previously calibrated in order to determine the relation of load to 

exciting current for a given temperature of the field frame. 

In this arrangement there does not appear to be any great advantage 
gained over the usual plan of employing a dynamo as load whose 
efficiency curve is known. 

It is rather in small motor testing (2 H.P. and under) that the 
superiority of the electric eddy-current brake becomes evident. As 15 
well known, in electricity meters, eddy-currents are very commonly 
employed as the retarding force. But for the thorough testing of 
small motors, it appears to be capable of a much higher degree of 
accuracy than the mechanical friction brake, being perfectly under 
control, and might with advantage be used more in the testing 
laboratory, if not also in the testing departments of manufacturing 
firms. 

In the examples seen, a copper disc was attached to the shaft of the 
small motor, and a single horseshoe-shaped electro-magnet (or a pair) 
was arranged so that its poles embraced, without touching, the copper 
disc. The electro-magnet was supported on knife-edges and had an 
arm attached along which a sliding weight could be moved, so that the 
torque produced could be at once determined. 

Mr. PERCY S. SHEARDOWN (communicated): It is very interesting Mr. 
to notice in the papers presented to us this evening, the individual eee 
points which impressed the writers as of most importance, and this will, 
I trust, apply also to the discussion. The features which impressed me 
most in the many interesting power-stations visited, were, first, the 
large number of big single-crank engines employed (direct coupled) to 
drive both alternators and direct-current machines; and secondly, the 
peculiar arrangement of generating sets at Messrs. Lahmeyer & Co.'s 
station at Wiesbaden. 

Direct-coupled single-crank engine sets only, were employed at both 
the large Dresden stations, at the Frankfort station, and also at the 
Wiesbaden combined station. At the latter station several of the 
engines were driving direct—a flywheel type three-phase alternator, a 
D.C. traction generator, and an exciter ; each of the generators was 
large enough to load up the engine ; they were not placed one on each 
side of the engine, but were, with the exciter, placed in line on one 
side. 

With direct current always on the 'bus-bars, I was rather surprised 
to see separate exciters supplied; it also appeared a case in which а 
suitable friction clutch might be used with advantage, as with the 
engine on full load with one machine it appears uneconomical to be 
always running the other one light. 

I note from the papers that the wages of the station employés are 
low; but as is often the case, when you get a thing cheaply, you 
compensate matters by being extravagant with it, and it appears to me 
from casual observation that there were a good many men employed 
in some of the stations we visited : for instance, at the transformer 
Station (Schiller Platz) Frankfort, which I visited alone, there were 
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some large motor generator sets and an accumulator battery to be 
looked after; three attendants appeared to be on duty, whereas at 
home you would not find more than one man, or a man and a boy. 
From this and other observations it appeared to me that the Germans 
lean more towards safety, than towards efficiency and low cost; for 
instance, at the Dresden tramway station I watched the total output 
meter for some time, it was varying from 1,400 to 2,000 amperes. 
There were two machines running to supply this load, each of which 
was rated at 1,570 amperes, but besides these two there was a third 
stand-by machine running light. This did not appear to me to be the 
most economical conditions, but I read in the paper before me that 
the city authoritics own the station, but charge all the expenses of 
generating against the tramway company and then take a share in the 
profits, which explains matters somewhat. 

I should like to have seen some figuresrclating to the cost of upkeep 
on the auxiliary accumulators used to run the tramcars through the 
principal streets in Berlin, Dresden, and other show cities. I was told 
by a good authority in Dresden that the cost of maintenance was 
enormous, and much reduced the profits. 

Мг. W. P. Пісвү (communicated): The reports of the Sectional 
Committees of the Institution on what was seen by those members of 
the Institution who visited Germany last summer are so interesting that 
one feels tempted to suggest that the Council should give one evening 
each winter to the consideration of a résumé from these Committees 
of the general trend of electrical engineering in Great Britain and 
abroad. I say this in appreciation of the interest and accuracy which 
characterise the reports now under consideration. Beingat the time 
of writing still resident in Berlin, and having been a sharer in some of 
the Institution visits, I can only say, that had it not been for the splendid 
facilities then granted to us by our generous hosts, I should probably 
have left Berlin without an insight into the factories and manufacturing 
methods which have given that city her fine tramway, telephone, and 
lighting systems. My comments only pertain to the Berlin sections of 
the reports, and are only an extended endorsement of them. 

My practical experience of the smoke regulations is that a great deal 
depends upon the district in which the chimney may be. In the poorer 
quarters but little trouble is occasioned by the police inspectors What 
proportion of the soot and fogs of an English industrial town is due to 
domestic and what to manufacturing sources I cannot say, but in 
Berlin the latter is certainly very small. The vogue of the electric 
motor is such that for smaller factories isolated steam plants are almost 
unknown, so that the police have only a very few large smoke stacks to 
look after. 

I should have been glad if the Committee on traction, light, and 
power distribution had been able to give any figures relative to the 
motor load in Berlin. Its extent would greatly surprise an English 
municipal engincer. I will give what I consider to be a typical 
instance. The smaller factories are rarely separate buildings ; but one 
huge block with its large courtyard in the centre will contain the most 
diverse of small industries ; tools, accumulators, furniture, pianofortes, 
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printing, and a brewery will each occupy their necessary number of 
flats. In these, in good times, perhaps a total of 1,000 hands will find 
employment, and the aggregate capacity of the motors will be 300 or 
400 kilowatts. There are but few giant firms such as those who were 
our hosts, with an innumerable host of small businesses depending on 
electricity from the central stations for their motive-power. 

The use of the accumulator on the car itself is greatly decreasing, 
being only used on a very few routes—mainly, towards Charlottenburg. 
The trolley wire has increased its extent in the city this year. There are 
afew miles of conduit system (side-slot), a new section at the Opern 
Platz having been recently opened. I have travelled to and from office 
onthe electric cars four times a day for many months. The trolley con- 
tinually leaves the wire, but I have seen no broken trolley wires. I have, 
however, several times noticed an arcing about the controller box. 
Passengers are allowed to stand on front and rear platforms. This 
30 per cent. increase in carrying capacity does not counterbalance what 
would be gained by having double-decked cars. There are still a few 
horse-dragged cars left, which old cars are also used as trailers. 
The only accident I have seen was a broken axle on one of these trailers. 
Wooden strip is used as a guard against broken telephone or telegraph 
wires. 

Perhaps it is not out of place to mention to the Institution that there 
is practically no telegraph service within the city ; an excellent 
pneumatic tube service—called * Rohr Post"— is its successful and 
cheap substitute. 

I entirely agree with the Manufacturing Committee as to the work 
done per man among a German staff. I hesitate to say that supervision 
and details are overdone, but men take longer over the work than would 
be required in England without providing the compensation of an 
average greater accuracy. 

In regard to labour, the output per man is less, and after ten months' 
experience I consider the German workman is lacking in ingenuity and 
in initiative as compared with the North Country mechanic. Incidentally 
I would mention that the average fitter or machinist on any but repeti- 
tion work has an unconquerable weakness for using a blue print or 
tracing as a template, instead of working to written dimensions. One 
great virtue the German workman has, even if he be slow in starting 
work, in that the smallness of the percentage of losttime throughout the 
whole year, and the complete absence of “ Bank Holiday after-effects,” 
are most pleasing. I consider the German the best timekeeper I have 
so far met. As for hours of labour, neither staff nor workmen have а 
Saturday half-holiday. 

But to dilate on German economic conditions, and the relation, say, 
of the military system to factory organisation, would be to overstep the 
time and space apportionable to each member. 

Mr. W. C. LAIDLER (communicated): The reports of the various 
Committees on our recent German visit form a valuable digest of the 
impressions received, although the impressions of the different Com- 
mittees appear to me to differ in some respects. The report on traction 
seems to imply that polyphase motors are chiefly used for power in 
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workshops, whereas the report of the Committee on Manufacturing 
states that “the usual practice appears to be to use direct-current 
motors" for the driving of shops. This difference may be a wrong 
impression I have formed from the reading of the reports, or it may be 
due to the different members of the different Committees being 
respectively specially interested in one type or the other, and therefore 
specially on the look out for them. 

With regard to the remarks of the Committee on Manufacturing 
(Part 2, section G.), it surely must have struck all of us that our German 
friends’ method of wiring on porcelain insulators was admirably suited 
for workshops. The track of every wire was visible, and when neatly 
done appeared to the writer to be anything but unsightly. Of course, 
for private houses such a system is hardly the thing to our minds, but 
where a good sound job which can be easily repaired or altered is 
required the German system seems difficult to beat. 

One other matter to which I should like to refer, is in connection 
with the milling of armature cores after assembly. This was the 
writer’s practice a few years ago on all machines of his design, and 
at that time he carried out a series of tests with a view of ascertain- 
ing the best method of building and slotting the core. Four similar 
armature cores were prepared, the first smooth, the second built of 
plates ready slotted, the third slotted dry after building, and the fourth 
slotted with a wet tool after building. Each core was then run for four 
hours in the same field, and the rise in temperature carefully noted. 
The temperatures of the smooth core and that built of plates slotted 
before building were practically the same (the slotted core being rather 
lower owing to the fanning effect of the spokes) ; that of the core slotted 
dry was 5° F. above the first two and that of the core slotted wet 
25° F. above the first two. This appears to show that with good, 
sharp tools and the armature core very solid it is permissible in certain 
cases to slot the core after building if the tool is used dry, although the 
best way, which is the writer’s present method, is to use plates ready 
punched before assembly. At least one firm in this country uses plain 
discs which are slotted after building, then the core is stripped and 
each plate ground on a horizontal emery wheel, to do away with the 
possibility of any burr being left by the milling tool, after which the 
plates are reassembled. This, however, seems a very laborious and 
unnecessary process. 

Mr. R. C. ROBERTS (communicated) : To one who has been resident 
for some twelve months past in Germany and had the run of one of the 
largest of the works visited, the reports appear of exceptional interest 
and remarkable for their accuracy even in detail. A few points appear 
to have escaped notice, and are, I think, of sufficient interest to warrant 
the following remarks. 

TRAMCAR, LIGHT AND POWER DISTRIBUTION.—Prime Movers. Some 
figures given at the central stations were : for Messrs. Sulzer's engines 
of about 4,000 H.P., pressure in H.P. cylinder, 210 lbs. per square inch 
or 14 atmospheres) at temperature of 300? С. ; for the Görlitzer M.F. 
engines, 195 lbs. per square inch and 250? C. "The latter makers jacket 
the '.P. and L.P. cyclinders with steam reduced from the mains. 
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The use of such high degrees of super-heat is unusual in this country, 
but little or no trouble has followed its adoption on the Continent, 
probably owing to careful experiment for the right metal to use for 
packing rings and attention to efficient lubrication and cooling of the 
piston. Super-heat is without a doubt the prime reason of the wonder- 
fully low steam consumptions guaranteed and obtained by Continental 
firms. The 50? C. superheat mentioned in the report would correspond to 
a temperature of about 260°C., at 210 Ibs. per square inch, hence Messrs. 
Sulzer super-heat about 9o? C., if the above information is correct. The 
Gorlitzer M.F. claim with their Colman valve gear a special advantage 
in governing. The gear being more a “hit” than a “trip” gear, the 
governor can become effective at any moment during the stroke. 

Generators. Continental experience with rotaries has been much 
the same as American, viz., that the machines can be made at 50 ^w 
to work well on steady loads such as battery charging, etc., but that 
for traction work they are unsuitable. The latest set installed in 
Mariannenstrasse sub-station in Berlin isa dynamo driven by a three- 
phase induction motor. The set looks very big next to rotaries of the 
same capacity. The veering round from the rotary to the other 
extreme, the induction-motor set, and the omission of the synchronous 
motor is noteworthy, inasmuch as all the switchboards are supplied 
with phasemeters and gear for keeping the cos $ at or near unity, 
which is impossible when the induction type of motor is employed. 

Motors. The three-phase induction motor has undoubtedly justified 
its adoption for shop driving purposes. The heavy starting current, 
with squirrel-cage rotors, which are generally employed with small 
machines, was at first a heavy tax, but the use of such starting devices 
as the A. E. G. Stufenanker and the Siemens and Halske Gegenschalter 
keep down the standing currents to within reasonable limits. The 
former device has a high- and a low-resistance rotor winding, the low- 
resistance winding being kept on open circuit till nearly full speed is 
reached. Neither of these devices can increase the starting torque, 
as the use of slip-rings and a non-inductive resistance in the rotor 
Circuit does, but they are simpler and cheaper than the latter. 

Tramways. Shortly after the Institution’s visit to Berlin, Messrs. 
Siemens & Halske completed a short run across the Unter-den-Linden 
on their slotted-rail system. The arrangement was devised for use 
with trolley-cars in order to do away with batteries, which have 
certainly had but a qualified success in Berlin for tramway work. 
The car was so designed that an arm carrying a contact gear could 
be lowered through the slot and hitched on to the back of the car. 
At the time of viewing, men were stationed at each end of the run with 
the gear ready for attachment. The system seemed to work well. 

Financial. After the Institution’s visit, a tendency was noticeable 
in certain papers to criticise the somewhat lavish expenditure laid out 
on many of the works. An implication that the prevailing depression 
is connected with the method of arranging and running the works is 
liable to be misleading. Cleanliness and order are main features in cheap 
and rapid production, and it is questionable whether the extra amount 
spent on pure ornamentation is so great, and whether it does not repay 
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itself by the incentives it offers to employés to take a pride in keeping 
everything in ship-shape order. That there are too many big concerns 
is undeniable, bnt it is possible that some firms have felt the pre- 
vailing depression, not so much through their works, as through outside 
schemes which they have financed on somewhat speculative lines. At 
any rate it is noteworthy that one of the firms that are maintaining 
their position is conspicuous for the seemingly extravagant appointment 
of its works. 

Staff. This word corresponds approximately to the German 
“Beamte.” As regards general testing, very great care is certainly 
given to detail. The interested type of German engineer is extremely 
industrious at probing the ins and outs of his investigations, in fact the 
accumulation of even valuable detail becomes at times so great as 
to be only partially useful for the immediate purpose. The extent of 
scientific training is very marked, and also the knowledge of languages, 
especially English. If there is a fault it is the absence, or partial 
absence, of practical workshop training, among the electrical engineers 
especially, and experience has a tendency to become very specialised. 
German engineers are very interested and courteous in exchanging 
notes on engineering topics. 

Labour. The men appear to be slow, but easily. manageable, and 
there is a complete absence of “trouble” with them. 

The report says “day work is almost universal" This must have 
been written under a misapprehension. At the A. E. G. piecework is 
certainly the rule, but as regards other works the Committee had the 
best opportunities for generalising. 

Machine Tools. The report says, “There was an almost entire 
absence of automatic machinery.” Are the Committee sure they saw 
all the machinery at the works visited ? 

Driving of Shops. As regards couplings for three-phase motors, 
it does not appear to be cssential that these should be springy, though it 
may be advantageous. 

Miscellaneous. Wiring. Metal piping can hardly be said to be 
exclusively used, as much ‘‘hart-gummi” or vulcanite tubing is in 
use for lighting purposes. 

Switchboards. The report makes no mention of the ample space 
allowed at the back of the switchboards, and the extreme orderliness 
of the arrangements there. These are the principal points necessary 
to ensure safety in a high-tension system. All connections are arranged 
to be visible at sight, and shop mainsare conducted neatly in convenient 
underground passages, facilitating inspection and decreasing liability 
to faults. The phasemeter is a very useful instrument for stations 
where cos ¢ is liable to be low, especially in sub-stations where the 
design permits the cos ф being raised to unity. I do not know that 
mathematical accuracy is claimed for it, but its utility isunquestionable. 

Paralleling of Three-bhase Allernators. 'The report implies that 
artificial loads when paralleling are universally employed. I never 
heard of any trouble in paralleling at the A. E. G., and saw machines 
of up to 4,500 H.P. thrown into parallel with perfect success, without 
any artificial loads being necessary, and with no visible disturbance of 
the voltage. 
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The paralleling of the rotaries is more difficult, and requires. Mr. Roberts. 
experience which may be dearly bought. When the necessary skill 
is once attained, the switching-in can be carried out with certainty. 

Miscellaneous. The relations existing between the heads of manu- 
facturing firms and University professors seem to be of a most cordial 
character. This tends to the advantage of both, and the profession in 
general. It is due to this good-feeling that the A. E. G. has been 
enabled to develop and put on the market a patent electrically-driven 
express pump, a new system of wireless telegraphy, a waste-heat 
engine using SO, as the gaseous medium, and a well-known lamp, all 
of which are associated with names of University scientists. 

Mr. PATCHELL in reply said: There is very little indeed for me to Mr. 

say. I quite agree with Mr. Siemens’ regret that everything could not Patchell 
be brought within the four corners of the report. We hada great deal 
of material sent to us, more than we could possibly put into the pages 
of the Proceedings which we understood were at our disposal. So that 
unfortunately we had to omit among others the interesting example of 
lighting and heating in Dresden. With regard to accumulator cars in 
towns, I was told by a friend (I cannot vouch for the truth of 
it as I got it secondhand) that in Berlin the Emperor has issued a 
“verboten” against accumulator cars. They are so frequently stopped 
that he is going to have them stopped altogether. Mr. Hooghwinkel in 
dealing with the question of the bare middle wire mentioned that the 
size of cable adopted in this country is due to the cable manufacturers, 
I think he is in error in that statement. There are many consulting 
engineers in this country who are perfectly free, as Mr. Crompton said 
in his report, and can use whatever size of bare middle wire they 
please! I am very much obliged to Mr. Stóttner for correcting the 
figures as to the size of motor generators in Berlin—1,250 kilowatts 
instead of 800 is a very considerable increase. 

Col. CROMPTON, R.E. : I do not think any questions of importance have Colonel 
been put to me except that I am made to say that the benzine soldering Crompton. 
iron was a novelty. I did not intend anything of the kind. It was mercly 
mentioned, as a matter of interest, that such things were used in common 
with a great inany other things mentioned which were certainly not 
novelties. For instance, many of the high-tension fittings were mounted 
on porcelain, and we simply mentioned it in order to show how many 
-good things were to be seen in Germany. 

Мг. J. E. KINGSBURY, in reply, said: With reference to General mr. 
Webber's remarks about the respective telephone areas of Berlin, I Finssbury. 
find that the “ Уогогіе” area is of irregular formation. It has an 
extreme length of about 12 miles and an extreme breath of about 
7 miles. The £9 rate thus covers a radius of not less than 3} miles, and 
averaging somewhat more. Тһе “Nachbarorte” area is very irregular 
in formation, varying from 6 miles to 30 miles from the centre of 
Berlin. General Webber is mistaken in thinking that the rate for this 
area is not given. It is stated to be M.200 per annum. Ido not find 
any essential difference between the Berlin system of rates and those 
prevalent in London. The classification of the latter into the County 
Council area and the larger telephone area beyond the County Council 
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boundary is not very dissimilar to the Berlin area when the dimensions 
of the two cities are considered. Mr. Kennedy will notice that the 
Committee's report is somewhat specific. The report states what the 
reporters saw and what they were told. I gather that they saw one 
operator attending to one hundred subscribers, and I think it is specifi- 
cally stated they were told that one operator could attend to a larger 
number. It is not unusual for an exchange to be overmanned, or, in 
such a case as this, overwomanned. It is not always that the work is 
done under stress. The idea that a canopy is necessary for a flat 
board is a mistaken one. While flat boards were originally furnished 
with canopies, there are a large number of them without; and this 
particular one—I did not see it in Berlin, but I saw a model of it in 
Paris, and I believe Mr. Gavey described it in his paper—had no canopy. 
With regard to the dust in the jacks and so on, I find that our reporters 
made no remarks on that subject; they had as much as they could do 
in the time at their disposal to give a broad and general outline rather 
than to go into too much detail. That the boards do suffer somewhat 
from dust in the jacks I think is obvious from the provision made to 
remove them readily. The health question as regards the flat board 
is somewhat a new one to me. We have discussed the question here 
in this room somewhat fully (this Journal, 1896, vol. 30, p. 300), and I do 
not propose to go into the question again now, but certainly if all the 
operators sit on one side of a flat board, the only advantage ever 
claimed for it is taken away. I regret that I cannot give any informa- 
tion as to the health of the operators, but as so few flat boards now 
remain in use in England, and those not large, it would probably be 
difficult to draw reasonable conclusions from the exchanges in question. 
With reference to any comparisons which may be made with London, 
I think that it cannot be too strongly emphasised that, as Mr. Gavey 
said, there is only one London in size and circumstance, and that, 
telephonically, as Mr. Lorrain observed, the problem to be dealt with 
iS Sui generis. 

Mr. ALEXANDER SIEMENS: Before the discussion in connection with 
the German visit is concluded I wish to say that I thiifk we have been 
remiss in one respect. The party that went to Germany did not go 
alone, but many of us had our better halves with us, so I think we ought 
to put on record that our best thanks are due to the German ladies who 
took our ladies about and showed them the sights of the towns while 
we were studying to our hearts’ content electrical methods, I think we 
ought also put on record that the best thanks of the party are due to 
Mr. and Mrs. McMillan, who did all the hard work of arranging the tour. 

The vote was carried by acclamation. 

The PRESIDENT: I have now to ask you to pass a very hearty vote 
of thanks to the committees, to those gentlemen who have acted as 
reporters, and to their collaborators who so kindly aided them in 
collecting the needful data. We have had a most interesting evening, 
and the subjects dealt with have led to a most interesting discussion. It 
is but right I should say that the Council have already recorded and 
remitted resolutions conveying the thanks of the Institution to the 
principals of the various institutions and establishments who were 
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so good as to extend to the members of the Institution their hospitality 
on the occasion of the visit of the members to Germany. I hope 
it will be understood that we feel very grateful indeed to them for 
the kindly consideration they bestowed upon us. Nothing could have 
been more hearty than the welcome extended or more generous than 
the manner in which they threw open their works for our inspection. 

I ask you to testify in the usual manner your appreciation of the 
reports which have been before you. 

The vote was carried by acclamation. 

The PRESIDENT announced that the scrutineers reported the 
following candidates to have been duly elected :— 


As Members : 


Charles Sidney Vesey Brown. | Samuel Wells Cuttriss. 
Duncan Macdonald. 


As Associate Members + 


Walter Henry Alabaster. | Thomas McEwan. 

Claud Carew-Gibson. | William McLellan. 

John Leopold Cateaux. Rudolph Henrik Paus. 
Harry F. Clayton. Ferdinand George Poulton. 
Richard Charles Cliff. Egerton Goolden Pulford. 
James S. Colquhoun. Louis Rottenburg. 
Charles Day. Egerton Sayer. 

George Edwards. James Edmund Sayers. 
John Edward Ellis. William Angus Scott. 
Arthur H. C. Gibson. James Henry Seccombe. 
Frederick Golding. | Wilfred Shaw. 

Gerard H. J. Hooghwinkel. | Percy George Timms. 
William Inglis. Herbert Williams Umney. 
Adrian Denman Jones. David Wilson. 

Arthur Francis Lord. Harry Egerton Wimperis. 


Albert Ernest Woodhouse. 


As Associates : 


Ernest Albert Aston. ! Charles A. McCalla. 
Frank Beckett. | Frank McFarlane. 
Ernest F. Blatchford. | С. R. Montgomery. 
Ernest Austin Brandon. William Morrison. 
James Brash. | John A. Ornstien. 
Harold F. Buttenshaw. | Robert Orsettich. 


Thomas Carter. Robert M. Powell. 
Frank J. Chapple. Thomas F. Purves. 
Thomas Clark. Wm. James S. Pyper. 
Charles Richard S. Davis. James Quick. 
Frederick A. Fitzpayne. George Scott. 

George Edward Francis. John Senior. 

Charles C. Garrard. E. James Stockwell. 
Albert Daniel Greatorex. Wilford H. Taylor. 
Wm. Herbert Isherwood. Nicholas R. Temperley. 


Ernest A. Livet. James Reid Young. 


The 
President. 
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As Students : 


Gordon D. Adam. 
Percy Barnes. 

Arthur Patrick Boden. 
Walter Carter Booth. 


C. L. J. Bonnetaud-Nadaud. 


Benjamin A. M. Boyce. 
Frederick Fermor Brand. 
James D. Butcher. 

John N. Butler. 

Eric Thomas Caparn. 
Harry Church. 

James Coghlan. 

Percy M. Crampton. 
Chas. Wilson Crosbie. 
Hubert Dann. 

Thomas S. Dick. 

Harry Alexander Edger. 
Edgar L. Elkins. 

Harold W. Everitt. 
Sidney F. W. Finnis. 
Frederick George Fish. 
Andrew Howard Gordon. 


Ronald Chas. Cecil Green. 


Cyril Grimes. 

R. L. Higgins. 
Geoffrey C. Hollis. 
James Hooley. 
Alexander Dean James. 
Bernard G. Jones. | 
Douglas Neill Keith. 
James Dillon Kelly. 
Alfred G. Kemsley. 
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Joseph Landstcin. 
Hedley Large. 

Harry Welch Lee. 
Lucien A. Lewis. 
Reginald G. Lewis. 
George E. Marley. 
Richard B. Matthews. 
A. C. M. Maynard. 
Harry B. Mitchell. 
Dorrien Graham Moon. 
William F. Mylan. 
Robert S. Newton. 
Wm. Edward Ostler. 
David Sydney Paxton. 
Maurice James Penford. 
Edward Billson Percival. 
Joseph Jackson Rider. 
Reginald G. Roberts. 
Harry Rust. 

Percy R. Stevenson. 
Wm. Gregory Terry. 
Hugh C. Thornton. 


Henry James Troughton. 


James Alfred Troughton. 
Chas. Joseph Tyler. 
Samuel Utting. 

Arthur John Venables. 
Walter Maitland Wilcox. 
Henry Wilkinson. 
Alexander Stephen Wilson. 
Wm. James Wiltshire. 
Harold Woolfenden. 


1902.) TRANSFERS, DONATIONS TO LIBRARY, ETC. 673 


The Three Hundred and Seventy-First Ordinary General 
Meeting of the Institution was held at the Institution of 
Civil Engineers, Great George Street, Westminster, on 
Thursday evening, January 23rd, 1902—Mr. WILLIAM 
E. LANGDON, President, in the Chair. 


The Minutes of the Ordinary General Mecting held on January gth, 
1902, were read and confirmed. 


The names of new candidates for election into the Institution were 
announced, and it was ordered that their names should be suspended. 


The following transfers were announced as having been approved 
by the Council :— 


From the class of Associate Members to that of Members— 
William Corin. 
Henry Robert Low. 


From the class of Associates to that of Members— 
Gustav H.C. Risch. 


From the class of Associates to that of Associate Members— 


Louis Emile Aulagnier. Arthur Henry Pook. 
Walter Francis Daniell. James Henry Millen. 
A. Higgins. | E. J. Sander. 


Herbert W, Watts. 


From the class of Students to that of Associates— 


John Alexander Armstrong. Charles Bernhard Monson. 
Henry Richard Carson. John Guy Pointon. 

Francis Medforth Denton. William G. Shee. 

John T. Haynes. 4 Maurice Solomon. 

Charles William Hill. Reginald N. Torpy. 

T. C. Hunt. William Allen Turquand. 
Arthur Priestley Hutchinson. Theodore Henrich Watermeyer. 
Clifford Lakin-Smith. John Henry West. 


Messrs. C. O. Grimshaw and W. Henderson werc appointed 
scrutineers of the ballot for the election of new members. 


Donations to the Library were announccd as having been received 
since the last mecting from Messrs. Alabaster, Gatehouse & Co., 
Messrs. Macmillan, and Mr. B. H. Morgan; to the Building Fund 
from Messrs. H. O. F. Bindemann, J. B. Braithwaite, W. J. Cooper, 
P. F. Crinks, A. Curtis-Hayward, C. F. Farlow, S. Z. de Ferranti, 
S. Grant, C. W. Hacking, Captain Jackson, R.N., W. E. Langdon, E. M. 
Malek, Т. Mills, C. Poulsen, L. C. B. Trimnell, and A. D. Williamson; 
апа to the Benevolent Fund from Messrs. Е. С. Fish, Killingworth 
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Hedges, J. A. Ornstien, and W. J. S. Pyper, to whom tho thanks of the 
meeting were duly accorded. 


The PRESIDENT: I have much pleasure in reading to you a 
telegram received from the American Institution of Electrical 
Engineers :— 

(Copy.) 

“ McMILLAN, Secretary, Institution of Electrical Engineers, London. 

*'The American Institute of Electrical Engineers, on the occasion 
of their Annual Dinner, with Senor Marconi as their Guest of Honour, 
send to their Sister Society their compliments and fraternal greetings.— 
(Signed) CHARLES P. STEINMETZ, President." 


I need hardly say that that telegram is under acknowledgment in 
the usual manner with the Institution's thanks for their kindly greeting. 

I have now to announce that the Council have awarded premiums 
to the following students for reports rendered at the suggestion of the 
Council on exhibits at the Glasgow Exhibition. The object on the 
part of the Council was to induce students to concentrate their atten- 
tion upon the various exhibits there, and then to devote themselves to a 
report on the special subjects which had been selected by the Council: 
— Messrs. A. F. T. Atchison, T. A. Davies, J. D. Griffin, J. B. Langford, 
P. Laubach, H. L. Percy, A. Raworth, D. Reid, F. E. Robinson, and 
James C. Smail. 

I have further to announce that the Institution, with a view of 
economising expenditure on the part of those who may require to com- 
municate with the Secretary, have registered as the telegraphic address 
of the Institution * Voltampere, London," * Voltampere" being one 
word. 

The following paper was read :— 


EARTH CURRENTS DERIVED FROM 
DISTRIBUTING SYSTEMS. 


By E. BASIL WEDMORE, Associate Member. 


Particular interest has recently been aroused in con- 
nection with the subject of earth currents, principally 
owing to the consideration which has been given to the 
question of the protection of observatories and other places 
from magnetic disturbances due to the use of the earth as a 
return conductor in traction work. Although some of the 
questions raised have been of only temporary interest, yet as 
it is certain that wherever there are electrical distribution 
systems there will be earth currents, the consideration 
of the earth as a conductor and of the phenomena accom- 
panying earth currents is a subject of permanent interest. 
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Му connection with the practical side of the subject has 
been hardly more than sufficient to enable me to see how 
many problems there are yet unsolved, but it has been 
thought that a general statement of some of the conclusions 
arrived at, accompanied by a demonstration of their applica- 
tion to the explanation of certain well-known facts, would 
serve to open the subject for discussion, when undoubtedly 
a quantity of useful data and opinions will be forth- 
coming. | 

As the theoretical part of this subject has been built 
up in connection with the question of magnetic effects, 
the matter will be most easily approached from that point 
of view. 

I am indebted to Mr. Trotter, with whom I was 
experimenting in March, 1900, for drawing my attention to 
certain early work of Heaviside's written at a time when 
earth return currents were, to say the least, not likely to do 
away with gas- and water-pipes, and which forms the basis 
of the following considerations. The principal conclusions 
with reference to the magnetic effects were arrived at before 
April, 1900, but I was prevented at the time from pub- 
lishing them, principally by illness, except among interested 
parties. 

We shall commence by considering the current distribu- 
tion accompanying the use of the earth as a return in a 
simple traction system, and we shall approach the subject 
from the magnetic side. On first consideration it might 
appear that the magnetic effects at any point away from the 
rails would be produced principally by the currents in the 
immediate neighbourhood of that point, but this is not the 
case, for the magnetic forces due to the long distant streams 
of current are roughly only inversely proportional to their 
distance, so that the large current flux passing through the 
enormous areas below the track will have a relatively large 
effect as compared with that due to the small current flux in 
the immediate neighbourhood. In determining the magnetic 
effects at any point it is necessary, therefore, to consider the 
magnetic effect due to the current system as a whole. 

Should the whole current return by the rails the 
magnetic effects due to the current in the trolley wires and 
rails would practically cancel, except in the immediate 
neighbourhood, A large proportion of the current, 
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however, returns by the earth, and at a distance from the 
· trolley wire. The magnetic effects due to the current in 
the trolley wire, therefore, are not cancelled by the return 
currents. In this sense it is correct to say that the magnetic 
effects are due to the earth currents. 

When the engineer, familiar with electric circuits, turns 
his attention to problems connected with magnetic circuits, 
he is assisted by finding relations between magneto-motive 
force, magnetic flux, and reluctance, similar to those 
between E.M. F.current and resistance. When he meets 
with problems involving the distribution of current fluxes 
in space instead of in linear conductors, he will be assisted 
by his familiarity with the distribution of magnetic fluxes 
under similar conditions. There is perhaps something 
more than an analogy here between the electric and the 
magnetic flux, and may be it is only due to the limitations 
of our present state that we do not recognise it. The two 
fluxes are always linked together in closed circuits, and 
there is a definite quantitative relation. between them. 
The difference in permeability between the most permeable 
and the least permeable substance is something of the order 
of 3,000. The difference in conductivity between the best 
conductor and the best insulator 15, of course, of a higher 
order altogether. It is practicable, therefore, to carry current 
fluxes through very long conductors of small section without 
appreciable loss, while this cannot be done with magnetic 
fluxes. Регсһапсе some would-be pioneer has already 
applied for a patent for transforming up magneto-motive 
force, and it is only the difficulty of obtaining the necessary 
magnetic insulation between the turns in his magnetic 
circuit that will give him trouble. Two turns might be 
practicable. 

We are familiar with the calculation of magneto-motive 
force in a closed magnetic circuit, from the current flux 
passing through that circuit, from the relation :— 


4m X current flux = magneto-motive force 
or line integral of magnetic force. 


We know also that we cannot produce M.M.F. in the 
circuit by means of currents which do not link with the 
circuit. From this it follows that, given the M. М.Е, in a 
closed circuit, we can calculate the current which passes 


1902. ] FROM DISTRIBUTING SYSTEMS. 579 


through, and is linked with, that circuit. In general, in 
any magnetic system produced by a corresponding current 
system, we may calculate the current passing through any 
closed curve by taking the line integral of magnetic force 
round that curve and dividing by 47. 

The first practical deduction to be made from these 
considerations 1s, that at any point where the magnetic 
flux is relatively weak the current must also be relatively 
weak. 

On the assumption that the specific conductivity of the 

earth is uniform and that the return currents enter and leave 
at points, it may be shown that the magnetic force directly 
due to the earth currents has no vertical component. If 
this is so, then no part of the vertical component due to the 
current in the trolley wires and feeders is cancelled by the 
earth currents. We may see, also, that except close to the 
line the magnetic field due to the current in the trolley wire 
wil have no horizontal component. In the hypothetical 
case, therefore, the horizontal component is wholly due 
to the earth currents and the vertical component to that 
portion of the trolley and feeder currents that is not 
cancelled by the rail return current. We know that in the 
immediate neighbourhood of the track the trolley current 
will have a considerable horizontal component. Half a 
mile out, however, this component will be quite negligible 
. and the general statement holds good. 
Should tlie assumptions made not be representative of 
the real conditions, then in thereal case some portion of the 
vertical component will be cancelled and the magnetic field 
reduced. The only exception to this would occur in case 
there were a large conducting system lying in and parallel 
with the current stream and having good electrical con- 
nection with the earth. 

As the above allocation of the horizontal and vertical 
components of the magnetic forces is of considerable im- 
portance, some amount of explanation is desirable. Take 
the simplest hypothetical case (Fig. т), in which a certain 
current flows from A to B in an insulated conductor lying 
on the earth's surface and returns by the earth, entering the 
earth at the point B and leaving it at the point A. The 
magnetic field due to the current in the insulated conductor 
will be a circular one, the lines of force entering and 
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leaving the earth’s surface at right angles, so that at the 
surface there is no horizontal component. 

Consider now the current flux entering the earth at 
the point B. The current will tend tospread out uniformly 
in all directions, its density decreasing with the square of the 
distance and the potential varying inversely as the distance. 
The current flux distributes in a medium of uniform con- 
ductivity as a magnetic flux would distribute in a medium 
of uniform permeability, and we may calculate the resultant 
distribution of a current entering at one point and leaving at 
another just as we should calculate the resultant magnetic 
flux due to a north pole at the first point and a south pole at 
the second. The current at any point will be in direction 
and strength the resultant of the incoming and outgoing 
currents there 
would be at that 
point were there 
only an incoming 
or outgoing cur- 
rent flux. 

Now the mag- 

Fic. 1. netic field due to 
a current entering 
the earth's surface at B and diverging uniformly will obviously 
be symmetrical about a vertical axis. It will have equal 
strength at equal radii at points on the earth's surface and 
in planes parallel to it. Whatever the distribution may be, 
we know that the line integral of the magnetic force round 
any closed curve + 47 will give us the current passing 
through that curve. We are most interested in the force at 
the earth's surface. Assume for the moment that the current 
arrives at B along a straight vertical wire, then any closed 
curve on the earth's surface including the point B will 
include the whole current. We have now found two 
conditions, namely :— 
(a) Uniform, and therefore circular, distribution of 
the magnetic field, the circles having circum- 
ferences of 2 m r. 
(b) Line integrals round these circles to be all equal 
and to have value 4 тс. 


The field strength, therefore, at any point, will equal =". 
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The field at the surface, however, due to the long 


) 


wire bringing up the current to the point B will = р 
therefore the field around В, due to the diverging current 
flux, which is what we require, will also equal > . It is 


obvious from symmetry that there can be no vertical com- 
ponent. 

We may now resolve our forces due to the systems at 
А and B. For the horizontal component, if B is distant d 
from A, then the force at any point f distant ғ; and ғ, re- 


cd in absolute units. 


spectively from B and A — 
172 


If the current is fed along a wire from А to B, the 
vertical component at = у (cos 6; + cos 0.) where? = 


perpendicular distance of p from the wire and 0,-апа 0, 
are the angles between the wire and r, and r, respectively. 

It has already been shown that current passing along the 
trolley line and feeders and returning by the rails has no 
appreciable magnetic effect except in the immediate neigh- 
bourhood of the track. For the purposes of calculation, 
therefore, we neglect this portion of the current. For the 
purpose of a first approximation we may guess at two points, 
A and B, at which the current may be supposed to enter and 
leave the earth, and apply the above formula. 

Mr. E. Parry has shown, in a contribution to the 
Electrician for August, 1900, that on the assumption that 
the principal resistance offered to a current entering or 
leaving the track is in the immediate neighbourhood of the 
track, that the track is uniformly grounded, and that all the 
current enters the rail at one end and leaves it at the other, 
the amount of current leaving the track from point to point 
follows an equation of the same form as Fourier's equation 
for the heat flux radiating from a long conductor heated at 
one end. Professor Rucker who arrived independently at 
this result and also at the source and sink theory above 
described, has given a mathematical treatment of the subject 
in a contribution to the Physical Society, which appears in 
the Philosophical Magazine for April, 1901. Professor 
Rucker shows how to calculate the vertical magnetic effects 
on the assumption of the Fourier bar theory and source and 
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sink theory combined, and Dr. Glazebrook has worked out 
some examples and deductions from the same. 

Fortunately, or unfortunately, the hypothetical cases 
rarely fit the real cases, and I find an intelligent use of the 
simple formula given above leads to quite as accurate 
results as the use of the more complex formule alluded 
to. 

Before making practical application of these conclusions 
there is another fundamental question which requires to be 
dealt with. Doubt has been thrown on the truth of the 
fundamental assumption of the source and sink theory. 
It has been suggested that while the experience of traction 
engineers goes to show that the earth is a very reliable 
quantity—that for instance the proportion of the total 
current which leaves six miles of line is nearly independent 
of the situation. of that line—yet, the earth may not be a 
homogeneous conductor. Dr. J. Edler has suggested that 
the return currents are carried by a layer of damp ground 
extending only a small depth below the surface, having 
founded this theory on the results of experiments performed 
near the electric tramway of Spandau. 

Now a little consideration will show that the formule 
deduced above for the magnetic effects at the surface of the 
earth, due to return currents flowing through it as a homo- 
geneous conductor, are equally applicable to the surface 
conditions due to return currents in a thin layer of earth. 
The vertical effects due to the outgoing current are obviously 
unaffected, while the reasoning previously applied to the 
calculation of the horizontal forces will be found to apply 
also in this case. 

As this is a point of considerable importance, I shall 
proceed to show that the theory fits the facts. 

Professor Rucker has already shown an agreement 
between theory and experiment based on measurements 
made at Stockton. I give in the following table (p. 583) the 
measured disturbances reduced to 100 amperes in the out- 
going feeder, the line being two miles long and the observing 
stations 0'4 and 0°8 mile distant, along a perpendicular from 
the centre of the line, and side by side I give my calculated 
values on a first approximation. The unit used = yoolgoo 
absolute units, 
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| 
OBSERVED. | CALCULATED. 


| | 
оз Mile. | о8 Mile. | 04 Mile. | o8 Mile. 


fb WW fp + 


5 
5 
'O 
о 15 
5 
5 
V 


= Vertical component. H = Horizontal component. 


Dr. Edler’s experiments covered a much larger area, the 
most distant observing station being nearly five miles from 
the track. Figure 2 shows the relative position of the 
track and of the seven stations at which observations were 
made. From the observed forces 1 have calculated. the 
leakage currents. I have assumed that a current flowing 
through the earth between the points H H would produce 


FIG. 2. 


about the same horizontal disturbance as the actual current 
stream, and that a current of uniform strength flowing in 
the trolley wire between the points V V would produce 
about the same vertical disturbance. The following are the 
results obtained :— 
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LEAKAGE CURRENT CALCULATED FROM 


Station, EN OBSERVED DISTURBANCE. | OBSERVED DISTURBANCE. 
ee ee tom ee | 

Хо. | V H | From H From V 
I | 2572 05 53 amps. 64 amps. 
2 10'6 бі | 47» 57% . 
31 43 43 46i » 42 » 
= m < r3 7 » 06, 
5 024 0'44 113 » 59$  , 
6 | LOO | U4 58 , 37 » 
7 | I'IO | 1'7 52% % 304 „ 


Although at first sight this may not seem a striking con- 
firmation, an examination of the figures in the two right- 
hand columns, together with the diagram, reveals several 
interesting features. 


(1) Except at the first two stations the vertical force 
appears to have been proportionately less than the 
horizontal, showing that some portion of the vertical 
force has been cancelled by irregularities in the 
current streams. (The line bends outwards towards 
the first two stations, which being the nearest are 
most affected thereby, thus accounting for the 
apparent discrepancy.) 

(2) The current fed along the part of the line below 
the power-house is reversed in direction, thus 
accounting for the apparent reduction of the vertical 
effects at stations 6 and 7, without affecting the - 
horizontal disturbance. 

(3) Considering the above the vertical effects are far 
more uniform than the horizontal, which would be 
expected from the uniformity of distribution of the 
line current as compared with the earth currents. 

(4) It may be noted that, excepting station 5, at any 
particular station there is a good agreement be- 
tween the currents calculated from the two dis- 
turbances. The differences between station and 
station being undoubtedly due to variations in the 
load from day to day, the experiments having been 
made on different days at different stations. At 
station 5 the whole calculation turns on the 
measurement of a few millionths of a line of force 
per square centimetre. 

Taking the figures as a whole we may estimate the 


1902.] FROM DISTRIBUTING SYSTEMS. 685 


leakage current as about бо amperes—not an unlikely value 
considering the length of the line and the service 15-motor 
and 2-trailler cars. 

The agreement between the observed and calculated 
values given by Dr. Edler is, in the case of the horizontal dis- 
turbances only, closer than that just shown. The formulz 
used, however, appear empirical, and the closeness of agree- 
ment more unfortunate than dtherwise, as Dr. Edler was 
probably misled into accepting the theory, as was the writer 
at first, by the agreement obtained. Dr. Edler makes no 
attempt to calculate absolute values or to show agreement 
between the relative values of the horizontal and vertical 
disturbances. 

The direction of the observed horizontal disturbances 
is indicated in Figure 2. In the case of a current sheet 
these disturbances should be normal to the current stream 
lines. These lines should be circles passing through the 
points HH. The dotted lines in the figure are portions of 
such circles, and it will be seen that they are approximately 
normal to the magnetic lines. 

The direction of the current lines would not be very 
different were the earth a solid conductor. In Figure 3 
are shown the current streams for a sheet, the current 
entering at B and leaving at A. Figure 4 illustrates an 
approximation to the current distribution that would obtain 
in a hypothetical case in which all the current is fed into 
one end of the rail and taken out at the other, the leakage 
being distributed asin a Fourier bar. Figure 5 gives the 
surface distribution of current streams on the assumption of 
a homogeneous earth, the current being fed in at B and 
taken out at A. А simple graphical construction for obtain- 
ing these curves is given in Figure 6, and is the same as 
would be used for a magnetic flux. 

In the light of the above we are amply justified in con- 
cluding that we know the distribution of magnetic force in 
the neighbourhood of a traction system, and that we know 
the direction of the current streams near the surface of the 
earth, but further information is required before we can 
calculate their strength, for if the current flows in a plane of 
relatively small thickness the current density at any point 
will be inversely as the distance between the lines of current 
(see Figure 4) while if the current flow through the body of 
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the earth the current density at any point will be inversely 
as the square of the distance between the current lines at 
X that point. 

At Stockton we have seen that the horizontal component 
of the magnetic disturbance at a point о8 miles from the 
line was 15 x 1076 absolute units. If the earth is a solid 
conductor, the fall of potential along the current stream 
must have been at the rate of about 1 volt per 60,000 yards. 
If the current sheet be 250 feet deep, the voltage drop must 
have been about 1 volt per 1,000 yards. At greater distances 
from the line the difference between the two results will be 
largely increased. In calculating these values, the specific 
resistance of the earth has had to be considered. 1 shall 
show shortly how this was arrived at. 

Meanwhile, let us continue the examination of the point 
atissue. When the bonded rails for the track of the London 
United Tramways Company were laid, it was found by 
experiments on some 2% miles of track, that there was a 
variation of potential occurring along the rail such as would 
be caused by traction systems, and such as would correspond 
to a flow of + or — 15 amperes along the rails. The current 
alternated in direction. The mere fact of the rails collecting 
such a large current would show that the conductivity of the 
return path in the neighbourhood was considerably improved 
by the rails, so that the voltage drop before the rails were 
introduced must have been still higher. The voltage drop 
was as high as about o'2 volt per mile, which, considering 
the distance of the nearest traction system, points to a 
current sheet. 

Fall of potential tests made at divers places by divers 
persons give values at least as high as the figure given for a 
250-foot current sheet, which makes it probable that often, if 
not always, the currents return in a sheet of comparatively 
small depth. In the light of these considerations additional 
interest will be attached in future to such tests. 

Let us now consider the conditions holding in the 
immediate neighbourhood of the track where the current 
densities are greatest. In a paper previously alluded to, Mr. 
Evan Parry has shown that there is an apparent resistance 
between the rail and the body of the earth of about 740,000 
ohms over a square inch. This is equivalent to about 5,000 


ohms over a square foot, so that if the rail was at a potential 
Vor. 81. | 89 
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of 5 volts above that of the earth, the maximum current 
density would be less than one-thousandth of an ampere per 
square foot, and this would rapidly decrease as the distance 
from the rail increases. I have already shown how to 
estimate the. paths of the current streams through the earth. 
Consider the path of any portion of the current flux. The 
current leaves the rails, enters the earth, spreads out intoa 
larger and larger stream as it leaves the track, curves round 
towards the point of return, converges on to a distant part 
of the rail, and enters the same again. Now on its path it 
meets with certain resistance offered by its earth path, 
possibly certain resistance offered at the contacts between 
rail and earth, and possibly with certain electrolytic E.M.F.’s. 
We know the total apparent resistance of the whole path. If: 
we assume that the whole of the resistance 1s that offered by 
- the earth, and with that as basis calculate the specific 
resistance of the earth, we shall be over-estimating rather 
than under-estimating the value of the same. 

On several occasions since March, 1900, I have 
approached this question, having estimated as accurately 
as possible the dimensions throughout of one or more 
current paths through the earth, based on measurements 
made in England and Ireland, and again on Mr. Parry's 
published data. Given the dimensions, the calculation of 
the specific resistance is easy. The values obtained have 
always been in the neighbourhood of 75 ohms per yard 
cube. We may compare this with the values of 50 ohms 
per yard cube for clay containing about 60 per cent. of 
moisture and 35 ohms for sand containing about 83 per cent. 
given by Herrick. 

Dr. Fleming, in an important paper read at the meeting 
of the British Association, at Bristol, in 1898, gives a value 
of 17 ohms per yard cube for clay, based оп laboratory 
measusements, and 1 ohm per yard cube for sand wetted 
with salt water—a figure which is interesting in connection 
with Mr. Trotter's experiments on voltage-drop near the sea 
in Cape Colony. Dr. Fleming gives reference to experi- 
ments made in 1896 by Dr. St. Lindeck at Berlin, in which 
the following results were found :— 


Cement in normal condition............ 50 ohms per yard cube. 
Cement after 22 hours soaking in 
МЕНЕГ 2o doses ego vo o SNP Ы Ан аа RE era UE 15 n » 
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Cement artificially dried al 100*.C. i 50 ohms per yard cube. 


for SF Hours. ыы анын 270 " ^ 
Concrete, 1 pt. cement, 5 pts. gravel, 

minimum value ........................ 23 - to 
Concrete after drying..................... 500,000 T 


We may apply the value of the earth's specific resistance 
to the estimation of the current that would flow into a pipe 
of a given diameter, given the potential difference between 
the pipe and the body of the earth. 


Let r, — radius of the external circumference of the 
pipe, in inches. 
Ға = а larger radius measured from the axis of the 
pipe into the earth, in inches. 
K — specific resistance of the earth — 2,700 ohms 
per inch cube, 


then R the apparent resistance of the earth over a square 
inch of pipe surface is given by the following :— 


R = 2303 Kr, (log Р — log ry), 


from which we may calculate the current density for a 
given voltage. 

If we allow, taking into account the spreading of the 
current as it leaves the pipe in a direction parallel to the 
axis of the pipe, that the whole resistance will be practically 
equal ta that reached at a radius of 1,000 inches without 
spreading, then inserting 2,700 for K, we have :— 

í R = 6,000 r, (3 — log ri). 

For а ro-inch pipe we have R = 69,000, while for а 
2-inch pipe R = 18,000 ohms, that is to say, the smaller the 
pipe the less the resistance over a square inch of surface. 
This is perhaps an unexpected result. 

In estimating the value for K it was found that one-fifth 
of the resistance to the earth currents is encountered in the 
first то ее of ground, and about half in the first roo 
feet. The value obtained therefore is not materially affected 
by any considerations as to whether the currents penetrate 
below a depth of a few hundred feet or so. 

It might be thought that the presence of pipes in the 
surface layers of the earth would so materially improve the 
conductivity near the surface that return currents would be 
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almost confined to that region. Were this the case, how- 
ever, the conductivity would be largely dependent on the 
state of the weather. So far as I can discover, all experi- 
ments on a large scale have shown the contrary to be the 
case. I have attempted to discover traces of electrolytic 
E.M.F.’s by a careful comparison of the theoretical curves 
given by Mr. Parry with curves obtained in practice, but 
have been unable to obtain any positive evidence. In 
general, the agreement and general reliability of the curves 
in cases where the E.M.F. is both below and above that 
necessary to decompose water would seem to be additional 
evidence that the conductivity of the earth did not depend 
much on electrolytic actions. Experiments made by Mr. 
George Claude and communicated to the Société des Electri- 
ciensin July, 1900, showed that if a current was passed between 
lead plates buried in the earth with a potential difference of 
23 volts, the amount of decomposition produced was as 
though only 40 per cent. of the current had been flowing, 
and this figure was reduced to 4 per cent. if the voltage was 
reduced to т volt. Herrick has given a figure corresponding 
to the latter for iron plates. | 

Recent observations tend to show that in the past 
electrolytic troubles have been very much overrated, and 
that in many cases corrosion not due to earth return, 
currents but to the usual taxes levied by Nature from the 
users of inferior metal, have been attributed to the return 
current. Castiron has been found more free from corrosion 
than wrought iron, and oxides produced at the seat of 
electrolysis increase the resistance, and reduce the electro- 
lytic current. 

It is quite a different matter when one comes to consider 
the effects due to leakage in connection with the earthed 
middle wire of a three-wire lighting system. In this con- 
nection the formule developed above for the current 
density in the surface of small pipes will be found of 
interest. To those who are not accustomed to figuring the 
insulation resistance of thick dielectrics on thin wires, some 
of the deductions which may be made from the formule 
referred to may prove curious. For instance, in the limit 
where the wire is very small it will be seen that the current 
density is inversely proportional to the radius of the wire. 
Now the current density is a measure of the rate of change 
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of potential through the dielectric. For a given E.M.F. 
we may increase the dielectric strain up to any limit we 
please, even above the breaking limit, if only we make the 
wire small enough. 

The notion that there is a practically constant resistance 
between tram rails and the body of the earth, now well 
proven, serves to simplify the consideration of many pro- 
blems depending оп the nature of the earth return. As ап 
example a brief consideration will be given to the question 
of bonding water-pipes to the rail in the neighbourhood of 
the Traction Station—a question on which some difference 
of opinion has recently arisen in at least one quarter. 

The primary object is to reduce both the area of pipe 
out of which current is flowing, and to reduce the density 
of the outward flowing current. If there is no con- 
nection between the pipes and the rail, the current flowing 
into the surface of the pipes must equal the current flowing 
out of the surface of the pipes, and when either is a minimum 
both willbe a minimum. The rail being disconnected from 
the pipes, its potential will be such that the sum of the 
resistances to the inward and outward flowing currents will 
be a minimum. A point about the middle of the rail will 
be at zero potential, the further end + and the station end —. 
The earth current will also Бе а minimum. If now the + or 
further end of the rail be connected to the pipes, the area 
over which the current leaves the pipes will be considerably 
augmented, but the area of rail — to the earth will also be 
considerably augmented, thus increasing the total leakage 
current. If, however, the — end of the rail be connected to 
the pipes, the rail as a whole will be positive to the earth 
and the pipes as a whole will be negative to the earth, the 
amount of current leaving the pipe surfaces being a 
minimum. The pipes may now be considered as an 
extension of the rail, and the best protection will be obtained 
when the point of junction is at the earth’s potential, other 
things being equal. The currents entering and leaving the 
pipes must be equal, but no current now leaves the pipe 
surface. 

We have now, however, very largely increased the 
currents carried by the pipes. While this may be to the 
advantage of the current user, it may not be so to the pipe 
owner. At each bad joint the current will leave the pipe over 
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a limited area at a high density and return again further on. 
The smaller the pipe, the higher the current density. If, 
moreover, the pipes are conveying electrolysable liquids 
internal as well as external damage may ensue. 

If one had it in one's power to lay both pipes and track 
in the best possible manner, it would seem best where metal 
pipes are used to use cast iron, to introduce resistance at 
every joint, to introduce any possible surface resistance, 
and to avoid all connections with the rails, leaving the rails 
to take their own potential. 

In conclusion, may I express the hope that this paper 
will serve at least to draw attention to the lack of informa- 
tion on this important subject, and that in the discussion 
that follows, will be found the key for future investigations ? 


The CHAIRMAN: Dr. Glazebrook was to have favoured us with his 
presence here to-night. The subject with which Mr. Wedmore has 
dealt is one in which he has taken the greatest interest, but I am sorry 
to say he is prevented from being here. He has, however, sent a 
communication. It is exceptional, I know, to read communications of 
this kind at the meetings, but in this instance I will ask you to allow 
the communication to be read, because I am sure it will prove interesting. 

The following communication from Dr. Glazebrook was read by 
the Secretary :— 

Mr. R. T. GLAZEBROOK (communicated): Mr. Wedmorc has referred 
to papers on the same subject published in the Philosophical Magazine 
for last April by Prof. Rücker and myself. Prof. Rucker developed 
his theory, as Mr. Wedmore points out, on the assumption that the 
track is uniformly grounded, and that leakage, according to Fourier's 
law, goes on along its length. I stated in my paper, however, that the 
application of this to practical problems is “somewhat complex," and that 
it suffices to suppose that all the leakage current leaves the track at the 
car and returns to it at the power-station. Thus Prof. Rücker's 
equations are simplified, and those which I used, pp. 433 and 441, are 
identical with the equations, developed by Mr. Wedmore. For с the 
leak-current, I have used the symbols Ik, I being the current in the 
trolley wire, and & a leakage coefficient which, as Mr. Parry showed, 
depends on the length of the line and on the conductivities involved, 
while my two fractions (а + b) /r, and b/r, are the cos Ө, and cos Ө, of 
Mr. Wedmore's expression. 

It may be of interest also to repeat a table from my papers giving the 
comparison between Dr. Edler's experiments and the simple theory in 
a rather different form from that in which it is given by Мг. Wedmore. 
The table gives the values of the calculated and observed vertical disturb- 
ing force, and is based on the assumption that in the line in question, 
about three miles long, the proportion of leakage current to current in 
the trolley wire is 25 per cent. 
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TABLE. 


——- a e a ce a m m s —— D e næ 


Distance from line in 


Vertical Disturbing Force. | 

oe: Calculated. Observed. 

0°38 | 12:8 | 2217: 

0'64 | 7°3 | 10°6 | 

0'79 58 | 56 

| 

092 49 | 43 

3701 99 | `95 

7°48 21 "24 

1'54 r5 | 1'04 | 


The amount of leakage assumed is rather in excess of Mr. Parry’s 
number for a line three miles long, but agrees fairly with some other 
experiments. It will be noted that at the two shortest distances the 
calculated disturbance falls greatly short of the observed. This pro- 
bably might have been anticipated ; the distances about half a kilo- 
metre are too small to allow the approximate theory to be considered 
trustworthy. Then from 079 to 748 kilometres the agreement is 
excellent. In the case of the last observation at a distance of 1°54 kilo- 
metres, the river Havel passed between the line and the observing 
station. Since the theory assumes carth of uniform conductivity, it 
clearly ought not to be pressed too far in this case, and a discrepancy 
was to be expected. 

The agreement between the theory and the observations is much 
less good in the case of the horizontal disturbance. 

Mr. EvAN Ракку : Mr. Wedmore has referred to my paper on the 
subject of stray current from track rails when forming part of the 
circuit of an electrical tramway. I would like to state briefly that the 
treatment of the subject was based upon the evident analogy between a 
rail when subject to a difference of potential between any two points, 
and a bar when heated at one point and cooled at another, the conductor 
in such case being surrounded by a medium of lower conductivity. . 

This theory was called upon to account for a great number of facts 
which had accumulated in the course of several years. The main facts 
as they presented themselves to me were, first, the exponential character 
of the potential and current curves along the rail; secondly, it was 
found that the leakage was independent of the weather conditions, a 
result contrary to a preconceived notion on the subject. In the third 


* This corresponds to the 25:2 of Mr. Wedmore's paper, but in my copy of 
Dr, Edler's note the figure is 23 not 25. 
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place it was found that the leakage was independent of the locality, a 
result which one might reasonably expect having regard to the 
uniformity of the track constructed in this country ; and in the next 
place it was found that the proximity of metal pipes in the earth has no 
particular influence upon the total amount of stray-current, provided, of 
course, that they are not metallically connected to the rails. 

These facts, considered in conjunction with Fourier's theory already 
alluded to, led to the further conclusion that the stray currents did not 
confine themselves to comparatively highly conducting channels, either 
pipes, or strata or streams, but were diffused throughout the mass of 
earth generally, for the same reason that diffusion takes place between 
rail and earth; and although the earth is not homogeneous in its 
electrical properties any more than in its physical properties, and 
different layers dnd every particle in those layers will be found to vary 
in their conducting properties, in consequence of which the lines of 
flow cannot be uniform, still I think for all practical purposes connected 
with the influence of stray currents upon observatories, etc., the earth 
may be treated as a solid homogeneous conductor. 

Dr. Edler has explained certain facts on the assumption that stray 
currents are confined to a highly conducting surface layer, and I am 
glad to note from Mr. Wedmore's paper that the facts can be explained 
equally well on the assumption that lines of flow radiate and spread out 
in all directions. Dr. Edler's theory seems to me to be untenable, 
because if we assume a surface layer of comparatively high con- 
ductivity, with a surface of demarcation between it and a second layer, 
and compare the relations between these two layers with that existing 
between the track and surface layer, in the first place the surfaces are 
much larger and much more intimate, and in the second place the 
difference in conductivity between the two layers is of a very small 
order indeed compared with the difference between the track and the 
first layer. Nowif leakage takes place between the track and first layer 
to the extent and degree which we all anticipate, and of which we find 
an example in Mr. Wedmore’s paper, much more will it diffuse itself 
between the first layer and second layer. The same rcasoning applied 
to each successive layer will bring us back to the general diffusion 
theory, which I have stated to be equivalent to the homogeneous earth 
theory for certain purposes. The same line of reasoning will help to 
explain why large masses of metal pipes are of so little importance in 
the conductance of the earth as a whole. What actually takes place 
can best be realised by the use of the heat analogy. A line of pipes 
placed in a field of stray currents will act in precisely the same way as 
if placed in a medium with a temperature gradient such as the main flue 
of a generating station. The quantity of heat conducted across a 
section of the pipe at any point will depend upon its internal con- 
ductivity for heat and the conductivity between its surface and the 
surrounding medium. In the same way a pipe in a stray field will take 
its proportion of current depending on the corresponding electrical 
properties, but will not affect the amount of leakage from the rail, 
provided of course it is not connected to the rail. 

Reference has been made as to the meaning of earth potential. As 
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we are only concerned with relative potentials of, let us say, the track 
and the earth, I have always regarded that part of the track to be at 
earth potential at which currents cease to flow out and begin to flow 
back again. 

With regard to the measurement of stray currents, there are two 
ways, equally simple, of doing this; one is to measure the current 
actually in the rail at different points by means of a potentiometer, the 
other is to connect the potential wire at different points on the track 
and so obtain the curve of potential along the track ; the current at any 
point can then be deduced from the potential gradient at that point. 

I think we arc much indebted to Mr. Wedmore for his paper. Its 
value consists in the simple relation which he has established between 
the amount of stray current and the forces acting on a magnetometer. 
On the whole, I think the tests to which he has subjected his theory 
are fairly conclusive. 

Мг. А. P. TROTTER: After the vortex of controversy into which 
some persons were unwillingly drawn some months ago, it is very 
pleasant to discuss this subject in a calm scientific manner, with or 
without mathematics. The paper contains many problems ; some are 
of fascinating interest, and others of very considerable commercial 
importance. I think that those who have not studied the matter before 
will hardly be convinced by the very brief manner in which the author 
has brought forward the source and sink theory ; I accepted the theory 
at first, on authority, because it was held by those who had studied it 
more deeply than I. It is not the earth currents themselves which 
produce the vertical disturbances in magnetic laboratories, but the 
unbalanced current in the trolley wire—the difference between the 
total current in the trolley wire and the current returning by the 
rails, so that the earth currents only by their inactivity produce these 
disturbances. The author alludes to the interesting question of a con- 
ducting system lying in a current stream. This problem is still, I think, 
іп а very immature state. It was asserted that when 24 miles of tram 
were laid down in Middlesex, there apparently were 15 amperes flow- 
ing up and down in the rails. "These were measured by potential 
differences. I should very much like to see that experiment repeated 
again, because it was imagined that these were leakage currents from 
existing lines—say the Central London Railway—which were con- 
centrated into these paths of low resistance. The normal earth currents 
known to telegraph men, but measured by them over scores and hundreds 
of miles, attain very considerable values. I do not know that any one 
has carried out very careful measurements of the normal earth currents 
over one hundred yards. I have carried out dozens of such experi- 
ments, but I do not call them very careful ones, because a great deal of 
care is necessary to eliminate small polarising and accidental effects. 
The author has spoken of one volt per thousand yards. I have found 
differences of about that value, that is to say 45 of a volt per one hundred 
yards, miles away from any tramway, changing the electrodes to elimi- 
nate local action. They could only measure the carth volts--the 
difference of potential; they could not catch hold of the amperes. 
It may be that these currents flowing through the earth may be 
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grouped and gathered together into a low resistance conductor, so 
that to lay down a tramway is to short-circuit a county. Mr. Glaze- 
brook has shown that strong currents, if thus concentrated, would not 
act differently to equivalent diffused stray currents. 

I have a mass of undigested facts about stray currents which is the 
result of a good many experiments I made in the neighbourhood of 
Cape Town with Mr. B. Bayly. Mr. H. D. Wilkinson worked a good deal 
with me in the latter part of those experiments, and he, too, has a good 
deal of information, which I hope he will some day publish. I found 
that driving two steel rods a yard long into the ground, sometimes near 
the tramway—as I mentioned in my paper on Cable Disturbances— 
currents were to be found, and were assumed to be tramway when the 
galvanometer needle was seen working corresponding to the motion of 
the tramcars. We judged they were normal earth currents when the 
needle was perfectly steady. The soil being rather dry, the emptying 
of a bucket of water in the neighbourhood of the electrode completely 
upset the direction of the current. On the other hand, on going to the 
other end and emptying two buckets the direction was altered again, so 
that the conditions are very sensitive, and very small differences of con- 
ductivity will evidently alter these currents. These currents of which 
I am speaking are measured over small distances, and therefore you 
may imagine that the lines of current-flow were straight, whereas the 
earth currents observed by telegraphic people may be sinuous and 
curve about over a large area of ground. The subject can be treated 
mathematically, and most interesting results can be obtained; but 
Nature, quite familiar with the behaviour of hot bars, does not, Her- 
self, expand Fourier series, or evaluate Fourier integrals. No doubt 
these things will become less repulsive and more intelligible when they 
are explained geometrically. Mathematical complications are the result 
of the poverty of mathematical language. 

Coming to the practical conclusions at the end of the paper, I am 
not quite prepared to agree with the author's views about the deliberate 
connection of water or gas pipes to tramway rails. He says that “the 
best protection will be obtained when the point of junction is at the 
carth’s potential, other things being equal.” But it is not easy to dis- 
cover what the undisturbed potential of the earth is. Of course, with 
the huge stray currents from American tramways it is a different matter, 
but with the moderate currents which are to be found in pipes in this 
country it appears that the currents which enter the pipes where the 
pipes are negative to the rails had better be let out through a metallic 
path. M. Claude says that if you make the connection you will increase 
those currents seriously. I should like to see what the result is. I 
have asked many tramway engineers to try, and I now ask again those 
who have an opportunity of doing it to put the matter to test. For 
instance, take a pipe, measure the current in it by the method described 
by M. Claude—by taking the difference of potential between two points 
on the pipe, then shunt those two points by an ammeter, read the 
current shunted and the new potential difference, and calculate the 
original unshunted current. It is extremely simple. Now make a 
connection to the most negative point on the system, at the works 
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or where your return feeder is connected to the rails, and see if the 
current is seriously increased. I do not believe that with English 
conditions it will be so seriously increased as to give rise to the trouble 
to which Mr. Wedmore alludes, namely, what is called the joint-jumping 
electrolysis. I believe that will only occur under American conditions. 
Again, Mr. Wedmore talks of pipes containing electrolysable liquids. 
It has been suggested that a water-pipe is a more serious matter than a 
gas-pipe because there is water inside. In Mr. Crompton’s laboratory 
there is, or used to be, a handy megohm, consisting of thirty feet of 
three-quarter inch garden hose full of tap water. I do not think that 
the water in a thirty-inch main would increase the current by one- 
millionth part. 

I would now like to go back to the beginning of the paper, where 
Mr. Wedmore speaks of certain experiments in which he has been 
engaged. I was very much interested in the subject of earth currents 
in connection with magnetic observatories, and not being able to calcu- 
late how they would be likely to go, I carried out some experiments, 
following precisely the mode adopted by Professor Grylls Adams in a 
paper reprinted in Mr. J. E. H. Gordon’s book on Electricity and Mag- 
netism. There Prof. Adams shows how to draw equipotential lines 
by putting a current into a sheet of tinfoil and exploring with wires 
from a galvanometer. І took a sheet of tin, and soldered twenty pieces 
of wire along the edge at inch intervals, each wire about a yard long. 
I put an ampere into each—that is to say, 20 amperes inall. The wires 
were made of considerable length in order that the potential at the ends 
might be practically the same. At one point, or at various points, 
according to'the experiments I was making, I took the current out. I 
used an ordinary Weston instrument, with no resistance added, and 
explored. I gotacertain deflection. I then moved the electrode along, 
keeping the deflection the same, following it with a pen and drawing 
the curve on the sheet of tin. It was one of the most fascinating experi- 
ments I have ever tried. I was too busy to carry it out thoroughly, and 
I was very much indebted to the assistance of Mr. Wedmore, who 
continued the work and made a number of these experiments in my 
laboratory until, unfortunately, he was stopped by illness. The potential 
lines were found by experiment and interpolation, and the lines of 
current flow, which are always to be at right angles to the potential 
lines, were drawn afterwards by eye. Not having heard of the source 
and sink theory at that time, I thought that these lines might be so 
arranged as to get a place devoid of current, which would form a nice 
site for building a magnetic laboratory. I was quite wrong in the idea 
so far as vertical force is concerned. 

Having obtained a number of diagrams, I went a step further and 
made some models; in plan they correspond with the diagrams, the 
height represents difference of potential. To carry out the analogy, we 
may imagine a sheet of drops of water falling down on to the line AB 
of the diagrams (pp. 598, 599). 

The dotted lines show the direction in which the drops would run, 
always going downhill, and finally converging to the sink. Not until 
after the models were made did I notice how the undisturbed potential 
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D |. C 
Fic. A.—A B is the line into which the current is fed at twenty equidistant 
points. A is the point at which all the current leavesthe sheet. The full lines 
are equipotential lines, found by experiment ; the dotted lines are lines of 
current flow, deduced from the former. Owing to the limited size of the 
sheet, the lines are distorted near the edges B C and C D. The figures 
represent differences of potential. 


16 


Fic. B.—A B is the line into which the current is fed. A and В are points 
at which the current leaves the sheet. There is no appreciable distortion at 
the edges. 
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Fic. C.—A B is the line into which the current is fed. Some of it leaves the 
sheet at A, but at two points on the sheet “out in the open country,” the 
potential is reduced to 13 by tapping out some of the current, leaving a con- 
siderable space at a nearly uniform potential of 143. 
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Fic. D.—Model of Fig. A in the solid. Fic. E.—Model of Fig. B inthe solid. 
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of the earth is indicated by them. That potential is represented by the 

plane to which the surface of the model is asymptotic. It is generally 
assumed that the most negative point is at the undisturbed potential, 

and that all the disturbance is positive. The conductivity of the rails 

is not taken into account, no current therefore re-enters the line A B as 

it does in practice. 

.. Mr. E. О. WALKER: І am reluctant to speak after Mr. Trotter Mr. Е.О. 
and Mr. Parry, because of their great knowledge on the subject ; I will et 
therefore only make a few brief remarks. We found in telegraph work 

in all the experiments we have made with regard to earth connections 

that the surface, for certainly four or five feet down, is practically non- 
conductive. I think we have got, generally, as much as 1,600. ohms 
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wie with a square foot of metal plate exposed to the soil within those limits 
| of depth. It appears to me with regard to these currents which stray 
from the end of the track away from the gencrating station, that they do 
not take the path which they are supposed to take near the surface. 
We found that if we went down a depth of 30 or 4o fect with the metal 
plate we got very often into good conducting strata; evidently the 
water-bearing strata. The upper part of the earth is only slightly 
moistened when there is a heavy shower ; the moisture does not pene- 
trate down very far ; consequently what we have to depend upon for 
good earth is the moisture that comes upwards by capillary attraction 
from the springs and streams which are deep down. So that if pipes, 
such as gas and water pipes, are near the surface of the ground, it is not 
very likely that they will be subject to the corrosion which has been 
anticipated, and which has not always been proved to exist. Then, 
again, with regard to the time element, when a line or pipe is first laid, 
of course the surface is well exposed to the surrounding soil, but it 
appears that oxidation caused by electrolysis necessarily heightens the 
resistance between the faces of the rails and the pipes and the soil 
which surrounds them, so that in time we must expect that the electro- 
chemical effect upon the metals will grow less. In reference to the 
remarks made in the paper with regard to the ordinary chemical action 
of soils, I think the damage done is very much larger in extent than 
any, possible damage likely to be done by stray currents. 

I noticed in a paper in the Electrical Review some few months ago 
that it was stated with regard to American practice that ground plates 
had been tried in connection with tramway tracks in America, and that 
in a few months time the amount of current passing through those 
plates decreased by twenty times, due, of course, to the oxidation 
which had taken place, which is really a protective coat to any pipe 
that is buried in the ground, as well as, I presume, to the under 
surfaces of the rails. With regard to the disturbance which has been 
noted laterally to a line, I think that if you go laterally five miles away 
from any of these electric trams, running perhaps two miles in a straight 
line, you will find there is a disturbance due to a want of balance of 
that system, even if the whole of the current is confined to the rails and 
none of it strays into the ground. I have tried unbalanced systems 
as regards telephone disturbance, and concluded that certainly at five 
miles distant the effect on a telephone linc would be very perceptible 
indeed, owing to the want of balance between the current in the 
trolley wire and the current in the nearest rail. to the place of observa- 
tion. Suppose the trolley wire is in the centre of the track and there 
is a distance of about 2} or 3 feet, measured horizontally between wire 
and rail, the difference of current in the trolley wire and in the rail is 
so pronounced that a magnetic disturbance must be created in any 
lateral direction. 

` S. F. Mr. S. F. WALKER: I propose to attack the theory that has been set 
alker. А . 

up that the carth is to be considered аз one homogeneous conductor, 

and that practically it does not matter where you lay your track, and 

that the pipes present in the ground do not make any difference. If 

we take it cither on theoretical considerations or on practical considera- 
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tions, we cannot help questioning these statements. For instance, 
what have we in the ground to conduct apart from the rails? We have 
got an aggregation of minute particles—I am leaving out the moisture 
for the present. Supposing that you take an absolutely dry soil, if you 
can have such a thing, you have an aggregation of very minute particles 
of a substance which in itself has a high specific resistance, and those 
particles are arranged together in such a manner as to offer a very high 
resistance. I think it follows, and from our practical experience we 
know that it follows, tbat for all practical purposes the conductivity of 
the earth is by way of the moisture which is held in the ground. The 
moisture in the ground is partly a question of the weather. As the last 
speaker said, it is quite correct that the surface of the ground, in some 
cases, merely gets wetted temporarily and the water drains off, and that 
you have the ground lower down holding the water-bearing strata, the 
moisture. But, wherever it is, it is the moisture that conducts, pfus 
whatever conductors you may have embedded in the ground if the 
current can get to them. I think we must take account of pipes and 
all kinds of things which are buried—gas pipes, water pipes, and other 
pipes—because I think we must remember also that a great number of 
these pipes, at any rate, are connected to masses of metal above the 
ground. We must consider that all of these pipes take part in the 
action of conducting any stray currents which they can get hold of. 
The question of whether they can get hold of the currents and how 
they get hold of them would depend entirely, as has been stated, on the 
surface resistance. Mr. Parry is quite correct in saying that the 
resistance between the rail and the ground around it, and between 
the ground and any pipe buried in the ground, is usually very high. 
‘It is very much higher also as time passes on and a film of oxide forms 
on both pipes and the under surface of the rails, and so on, but I do 
not think we can help thinking that some current will get into those 
pipes, through that oxide, and that they must take a large share in 
conducting leakage currents. 

Then there is another question, which I am very pleased to see has 
been tackled, which Mr. Trotter and others have mentioned, namely, 
what is the earth potential ? I do not think anybody can say what the 
earth potential really is. You may know what the potential at a 
particular spot is at a particular instant, but you cannot say that it 
will be at the same potential at the instant after or that it was so at 
the instant before. So that in considering the earth potential you 
are dealing with a constantly varying quantity, and the whole problem 
becomes very much more complicated than it looks at first. Then 
there is a question of the electrolytic action of the current in 
the pipes; that may be looked upon as not a very serious matter, 
but I fancy that waterworks engineers would look upon it as a serious 
matter. One of the great troubles which waterworks engineers have is 
the filling up of their pipes, and I think we know that if stray currents 
get into their pipes they very much assist chemical action between 
the water and the pipe inside to form nodules, and these when formed 
increase the resistance to the flow of water in the pipes. The 
resistance offered by a pipe to the flow of water varies directly as the 
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surface of the pipe over which the water passes, and also directly as the 
square of the velocity of the water. Nodules formed by chemical 
action increase the interior surface over which the water passes, at the 
same time reducing the sectional area, and therefore with a given 
delivery, a given number of gallons passing per hour, or per minute, 
increasing the velocity at which the water must travel. 

Mr. H. M. Sayers: I have listened with great interest to the 
methods laid before us, and the theoretical dissertations as to the explora- 
tion of the stray currents from traction systems. To one who has to 
deal with these things practically, the methods of measurement are of 
great interest. In actual work, of course, we have very slight means of 
finding out what the leakage from our tracks is. We are compelled by 
the Board of Trade to bury earth-plates, and to observe or record the 
current flowing back to the station through those earth-plates. Obviously 
that current is only an exceedingly rough indication of the true leakage 
current from the rails ; such leakage current, where a simple system is 
in use without boosters, must be at a maximum, measured on a surface 
normal to the track, somewhere about the potential middle of the line. 
It is not in the maximum at the station, or one would not expect to find 
it so. Mr. Trotter’s models, if sectioned, will, I think, bear that out. I 
would like to know howa magnetometer method will be affected by the 
very frequent case—which becomes more frequent as networks of lines 
are built—of feeders being taken across country not parallel with the 
track or trolley wires. It appears to me that the current in those 
feeders will be difficult to make corrections for, and that the results 
with the magnetometer will not be very trustworthy. However, it is 
something to find that in simple cases the measured do correspond 
with the calculated results, as it gives us a safe theoretical basis for 
calculation. 

Something has been said about the character of earth conduction. 
I have had occasion in a few cases to find very curious effects in 
difference of conductivities, in different layers of the earth. I know 
one part of the country where the earth is divided into alternate sheets 
of fairly good conductors and fairly good insulators, and in tracing 
stray currents from cable faults, and the like, I have been very much 
led astray. I have had one case of a tramway which shows a marked 
difference between the conductivity of the track in dry weather and in 
wet weather. In this particular case, on a thoroughly wet day, the 
amount of stray current returning by the station earth-plates, and the 
drop of potential in the rails, is distinctly lower than it is in dry 
weather. That points, I think, to the fact that the thorough wetting of 
the sets and the mud and the concrete, increases the conductivity of the 
track as a whole. It also seems to indicate that the probable leakage 
into the earth is in a vertical, and not in a horizontal, direction ; which 
bears out what has already been said here as to the comparatively 
poor conductivity of the upper surfaces of the earth. However, that 
was only one observation, and there may be something peculiar about 
the conditions. 

I only wish to say a few more words on one subject, viz., on the 
much-debated electrolytic action upon pipes. M. Claude's paper, 
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which has probably been read by everybody interested in the subject, 
is confirmed by a great many other observations ; but I think по one 
has put together so many facts to show that the conductivity of the 
earth as a whole is not an electrolytic conductivity ; it is in the nature 
of a solid conductivity. I have had the opportunity of examining some 
tramway rails which have been in use for nearly nine years. They have 
been used under the Board of Trade Regulations—not the present 
Board of Trade Regulations, because the volts are not limited to seven. 
If Mr. Trotter were not here I would say how many volts are used. Of 
course they ought to be limited to seven. The rails that I examined 
were at the most distant point from the station. I was very careful to 
look at them for any signs of pitting or electrolytic corrosion, but failed 
to see any. The buried surfaces were a little rusty, as those of any rails 
would be that had been laid for eight or nine years; but it was the 
ordinary red mixture of oxides and carbonates which one sees, and 
there were no indications of the black pitting which one finds where 
real electrolytic corrosion has occurred. It seems to me that such 
substances as the oxides and silicates of the alkaline and earthy metals, 
which compose the bulk of the earth’s surface, probably act in the 
nature of depolarisers ; they may take up any free acid which may be 
produced by the passage of the current, and thus protect the metal: 
that is only a suggestion, which may be quite wrong. "The question as 
to bonding pipes to tramway rails is a very important one. I think 
M. Claude's experiments show that pipes are, on the whole, safer when 
they are not connected to the tramway track. It is perfectly true that 
you can make such a connection, and that no part of the pipe should be 
positive to earth. If one could only be sure that the pipes were either 
metallically connected throughout, or that they were all very badly 
connected, making very bad joints, electrically speaking, one would 
feel assured that they were quite safe. But the conditions likely to 
occur are, I think, that for a long length of pipes, joints may be good 
electrically speaking, but that here and there a bad joint will have been 
made ; and, under those circumstances, with the considerable current 
gathered from the earth flowing through the pipe, there may be a 
dangerous difference of potential across one or two of the joints. 
When the pipes do not belong to the tramway, and when the tramway 
engineer has no means of ascertaining their condition, and the man 
who laid them has no idea of what electric conductivity means, it does 
appear to me that it is a counsel of safety not to connect the pipes ; 
but the case is quite different when a man who has some knowledge of 
electrical matters has to lay a line of pipes which he knows are exposed 
to dangers from tramway currents. I have had to consider this in laying 
pipes for tramway feeders. It is almost impossible to prevent the pipes 
that carry these feeders from being connected to the rails at distant 
points. They come into contact with the iron of feeder pillars. We 
bond our feeder pillars deliberately to the rails, for reasons which are 
well known, What is the best condition of safetythen? The practice 
which I have followed, and which I hope will have made my pipes and 
also my cable-sheaths safe, is this: in using cast-iron pipes a few chisel 
cuts are made in each spigot and socket just before the lead joint is 
Vor. 81. | 
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made, an attempt being thus made to render the lead joint a good con- 
ducting joint. At each place where the line of pipes is broken bya 
joint box or inspection boxes, it is bridged across by a wire of sufficient 
size, properly secured to the pipes. At the station the pipes are 
thoroughly bonded to the negative 'bus-bar. I am quite aware that 
under some conditions the cast-iron pipes may suffer even with all that 
care; but I do not think they will suffer a great deal. What I do feel 
very confident about is that the lead sheathing of the cables will be 
protected as long as there is a fragment of cast-iron round them. 

Mr. A. J. S. AnaMs: I regret very much the unfortunate title to this 
paper. Theterm * Earth Currents” for the last thirty years has governed 
the study of those cosmic electrical variations which ally themselves to 
the variations of the magnetic needle, and I certainly hope that when 
we have this interesting point to discuss at a future meeting it will be 
under another name. There is a vast difference between derived forces 
and the cosmic earth currents. If you will apply to the Astronomer 
Royal no doubt he will permit you to look-up the old records, and you 
will find for at least twelve or fifteen years the photographic records of 
the true earth currents. Whereas now, you will find that during the 
hours at which the South London Electric Railway is working, those 
records pick up little else than the current from the Electric Railway. 
It is the same in my own garden at New Cross. I have photographic 
apparatus there, and by putting the two ends of my galvanometer into 
my garden, say ten or fifteen yards apart, I can during the daytime pick 
up the currents from the Electric Railway ; and I therefore feel rather 
at enmity against these traction people on that account. Another point 
is that before we can accept the assumptions of this paper, we should 
know whether we are dealing with leakage and spread, or with magnetic 
radiation. The point is not clear. 

Mr. W. M. Моврех : I am glad Mr. Adams has spoken about true 
earth currents. This Institution started as the Society of Telegraph 
Engineers. In the early days earth currents were considered a good 
deal, on account of their bearing on telegraph working, as may be seen by 
the records of some of our early meetings—there are eighteen papers 
on the subject in the first ten volumes of our Proceedings. "Telegraph 
engineers need not be reminded that all the old needle instruments 
were made with rotary dials, so that, when earth currents came on, 
the dials could be turned round to bring the needle to the middle 
position whatever the force or direction of the earth current might be. 
I remember, when I was in the telegraph service, measuring earth 
potentials on a line seventeen miles long, and finding forty Daniell cells 
necessary to counteract the earth current. That meant a potential of 
nearly two volts per mile. I remember at the same time I ran a little 
clectric motor by those earth currents on the telegraph circuit. That 
was long before tramways or electric light. I suppose nowadays we 
should be told that that motor was being run by leakage currents from 
tramways, and that it was therefore impossible to have any observatories 
anywhere near such lines. We must recognise the necessity for dis- 
tinguishing, as Mr. Adams has done, between real earth currents and 
leakage currents. The gas companies ought to have a great grievance 


-1902. ] FROM DISTRIBUTING SYSTEMS: DISCUSSION. 605 


against Nature. There really ought not to be, according to the Mr. Mordey 
evidence that we have heard within the last few months, a gas-pipe in 
existence, not because tramways have been started within the last few 
years, but because the earth has always had currents travelling in it. 
We have heard a good deal about the scientific study of these things. 
It would be, perhaps, unkind to refer very particularly to the difference 
between scientific evidence and practical results—to what we were 
assured was the amount of the absolutely unavoidable electrolytic 
wasting away of the pipes, of which, as the author points out, only 
four per cent. occurs actually in practice. I will only say that I am 
sorry Professor Ayrton and Professor Perry are not here that they 
might hear the views of practical engineers on that subject. 
Мг. S. WOODFIELD (communicated): Speaking on Mr. Wedmore's Mr. 

; : | у : Wood field. 
paper from an engineering point of view, the magnetic effects are 
secondary in importance to the leakage earth currents, although the 
former are of considerable interest from the scientific side of the 
question. Obviously, in a traction system we can cut down these earth 
currents practically to zero by using an insulated return conductor, but 
in an overhead trolley system this would result in almost insuperable 
difficulties, as one can easily see by visiting certain junctions and 
crossings on the tramway systems of Glasgow or Liverpool In the 
conduit or surface-contact system the difficulties are not so great, but 
in all cases the capital cost would go up enormously. It is fairly well 
established that the corrosion is due to the metal of the pipe being 
attacked by the acid radicals contained in the salts of the alkali-metals in 
solution in the electrolyte, the salts in solution being electrolysed, and 
the acid radical attacking the anode. It would appear, therefore, that 
if we could be sure of always keeping all points of the rails at zero 
potential, no bad result would accrue. It is a mistaken idea to 
think that if we keep the potential difference below that requisite to 
decompose water, we cannot do any damage. It has been stated in 
the paper that the apparent resistance between the rails and the earth 
is constant ; but this, however, I do not think is the case, as I have 
several times noticed on the recording voltmeters in the stations that 
the drop in the rails is considerably less on a thoroughly wet day to 
that noticeable on a dry one. 

Again, I have repeatedly found that the leakage current returning 
through the leakage ammeter to the station is increased in wet weather. 
It is possible that in wet weather, more especially in towns, certain 
salts in the earth are dissolved, or that the rain mixing with certain 
acids (which will always be found in large towns) produces a path of 
lower resistance than there would be in dry weather. It is clear that, 
in a given time, the amount of corrosion will depend upon the quantity 
of current flowing and also upon the salts in solution in the electrolyte. 
I quite agree with the author of the paper when he states that these 
effects are much exaggerated. I have continually had brought to me 
the lead-sheathing of cables and lead water-pipes pitted with holes, the 
owners stating this to be due to electrolysis by leakage currents ; 
whereas, in many cases, I have found the pitting to be due to certain 
acids, notably acetic acid, =: 
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It has been suggested that if the polarity of the trolley wire were 
continually being reversed, say every few hours, the electrolytic 
effects would be cut down to a minimum. This method has proved 
successtul.in the laboratory, but in practice it has been found to have 
little or no effect if reversed every twenty-four hours; on small 
systems, however, there appears to be absolutely no reason why the 
reversals should not take place every few hours, as it would not 
necessitate reversing a very large current, as would be the case in 
some large power-houses. In this country the Board of Trade state 
that the positive pole of a generator shall be connected on to the 
trolley wire; whereas, in the United States many of the lines are 
connected with the negative pole of the generator on to the trolley 
wire. In the first case, the current will leave the rail at distant points 
and enter the water or gas pipes running along them and leaving them 
in a position near the power-house and joining the rails. In this case а 
vast amount of damage will be done to the pipes within a certain area 
around the power-housc, no damage, of course, being donc to distant 
places. In the second casc, however, the current would leave the 
pipes and flow into the rail at remote places, and although the same 
current would leave the pipes, yet it would be distributed over a far 
greater area, and consequently the density would be greatly cut down 
and therefore the electrolytic effect would be Icss. Against this, 
however, it must be borne in mind that a far larger area is affected, 
and it is only a matter of time before serious trouble would accrue. 

As Mr. Wedmore has pointed out, the bonding of the pipes to the 
negative "bus-bar would increase the current flowing in the water pipes, 
and although no effect would be produced at the point where the 
current enters the cable from the pipe, yet at every joint, owing to its 
resistance, current would leave the pipe and join it again after the joint 
was passed ; thus it is evident that wc are in no way minimising the 
trouble, but, on the other hand, affecting all the pipes where the 
current leaves. 

Since the introduction of negative boosters, it has been the general 
practice to lower the potential of the rails at the point where the 
negative cable joins them to a potential considerably below that of the 
adjoining earth, and it will be found that in many stations it reduces to 
а great extent the apparent voltage-drop on the rails. But on looking 
further into the question, one sees that by lowering this point to a 
potential below that of the earth around it, one is increasing the 
potential difference between any neighbouring water-pipes and that 
point, thereby increasing the current flowing in the pipes and 
obviously therefore reducing the drop in the rails. As a fact, the 
booster should generate across its armature a voltage practically equal 
to the voltage-drop in the negative cable with a given current flowing. 
'The voltage across the armature is, to all intents and purposes, propor- 
tional to the current flowing around its fields and on to the line. It is 
a mistake to connect one booster to three or more negative cables 
having various voltage-drops in them, since if the series coils of the 
booster be shunted to give the correct pressure for one point, it is 
evidently wrong for others of different distances. I should like to ask 
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Mr. Wedmore if he has found greater magnetic effects produced with 
lines supplied with rotary converters, than from lines supplied with 
ordinary direct-current railway generators, as in some cases with rotary 
converters the pulsations vary between 30 and 40 volts. 

Regarding the double trolley wire, I understand that it is used at 
Strassburg, where considerable external magnetic effects were produced, 
and that it has not done away entirely with the upsetting of the 
magnetic instruments. 

Mr. E. B. WEDMORE, in reply, said : Therc are a few points raised 
by various speakers to which I would like to reply quite briefly. First, 
with regard to Professor Glazebrook's letter, I note that the Professor 
calculated the horizontal and vertical disturbances, but has not published 
the figures he calculated on the horizontal disturbance. It seems to 
me, in going over Professor Glazebrook's figures, that to obtain the 
agreement that he did he was bound to choose the points which he 
did, viz., the two points at the utmost extremities of the line. 
Professor Glazebrook assumed a leakage current, and then found two 
points which gave approximate agreement between the calculated 
magnetic effects and the observed magnetic effects. I found by trial 
points which would fit in with various theories which I have had before 
me from time to time, and by juggling with these points sufficiently I 
found I was able to get a certain amount of agreement. I set all this 
aside, however, and chose points which seemed to me to be about 
representative of the centres from which the currents might be taken 
as leaving and entering the rails, taking into account the probable 
distribution of potential along the track. It was only after I had 
calculated the results from those points that I began to find out that 
the peculiarities in the results were really only reasonable peculiarities 
such as one might have foreseen. I should like to say also that I think 
the leakage current which Professor Glazebrook assumed from the only 
data apparently available might really have been much larger than he 
tookit. I do not know what the regulations are under which the Spandau 
tramways are worked, but they are not English Board of Trade 
regulations, and it is quite possible that the leakage there may be very 
much bigger than would be allowed over here. I believe my figure of 
60 amperes is a bigger figure than one ought to obtain under Board of 
Trade regulations for a line of that size. With regard to the agreement 
between Professor Glazebrook's formule and the formulz that I give, I 
had noticed the agreement, but did not draw attention to it. It scems 
to methe formule is a simple thing to arrive at, once the principle has 
been developed. I think that the principal justification of the calcula- 
tions I have given lies in theagreement obtained between the horizontal 
and vertical disturbances, and I believe my calculations are the only 
ones which show that agreement. 

Mr. Trotter has referred to the measurements made on the London 
United Tramways line. I should like to add a few remarks with 
regard to these measurements. In the first place, I have stated in 
the paper that the disturbances appear to have been due to a 
traction system. I have stated that they alternate in direction, 
but I should like to add that the curves plotted as the result 
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of readings taken every few seconds give the same sort of curve as 
one obtains on a recording ammeter, a curve having about the same 
fluctuations as are obtained in the current in a traction station. 
These fluctuations agreed approximately with fluctuations observed 
in the magnetic effects measured at a point not very far off at the 
same time. So Ithink there was pretty strong evidence in that 
case that the currents were not normal earth currents, but were due to 
a traction. system. During the night-time, when the tramways in 
London are shut down, there was a small reading shown all in one 
direction ; if I remember right, it was of about one-sixth of the maxi- 
mum amplitude of the fluctuating reading. That may have been earth 
current or it may have been leakage from some of the direct-current 
lighting systems ; I should not like to commit myself on that point. 
Mr. Trotter has raised a rather important point in connection with the 
distinction between the direct measurement of current and its 
measurement by measuring potential difference, and assuming that 
measurement as a basis for calculating the current. I have heard 
Mr. Trotter speak on that subject before, and never quite grasped 
the point. It seems to me that the point is this: If. you take a 
very large system, a very large area, and measure the potential differ- 
ence between two points very distant in that area, each of these points 
having a very good earth connection, the measurement you obtain 
must be fairly representative of the actual difference of potential in 
volts between the body of the earth at the first point and the body 
of the earth at the second point, and if there are no E.M.F.’s in 
the circuit other than that measured, then you may use that E.M.F. 
to calculate the current which is flowing between those two points. 
If, however, you stick two rods into your back garden and take 
measurements between those two points, the local variations are so 
great that the result would be exceedingly unreliable as repre- 
sentative of the effect occurring over the surrounding area. The mere 
thrusting of the rod into the carth, too, might be sufhcient to make a 
difference in the results. The measurements made on the London 
United Tramways system before the generators were running, over an 
extent of some 2} miles where the contact between the line and the 
ground was good, are of a kind which would be fairly reliable. 

I did not have water-pipes or waterworks in my mind when I 
referred to electrolysable liquids, although I cannot recall to mind at 
this minute any case where electrolysable liquids are carried in iron 
pipes, but they may come along soon. 

Mr. Parry has raised several interesting points. I should like, 
in the first place, to disclaim what I thought I had never claimed, 
viz., that I should advocate the general use of a magnetometer for 
measuring leakage currents. It was not my intention at all. I have 
taken certain isolated facts, made certain assumptions, and cvolved 


` certain theories. I have collected such extraneous evidence as I could 


find to support my assumptions, and I have endeavoured to show that 
the theories are in accordance with the facts. I have demonstrated 
how the whole thing hangs together, and this is the strongest proof 
that each part is in itself not far from the truth. I was glad to hear one 
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speaker say that he thinks a magnetometer method may be of value in 
some cases, Of course in certain isolated cases you may find that you 
can arrive at the results you want by one of these roundabout methods. 
With reference to the resistance of the earth, calculated at 75 ohms per 
yard cube, if the assumptions made are not correct, I have already 
shown that the earth resistance must be lower than that figure. If the 
currents did nof flow through large sheets or through a large body of 
the earth, or if there are other resistances than those I have taken into 
account, or other E.M.F.'s, then the specific resistance of the earth 
itself must be so much the lower. I have taken one very large portion 
of the path. If that portion is not the only portion offering resistance, 
then the resistance of that portion must be very much lower than I 
have figured it at. One speaker made use of the term “1,600 ohms 
per square foot." I have noticed a similar use of terms in several 
articles bearing on this subject. It seems to me that the expression 
“ohms per square foot" is incorrect. I use the expression “ohms 
over a square foot" to get over the difficulty. The resistance is not 
proportional to the arca; the resistance is inverscly proportional to 
the arca. 

Referring again to the vexed question of the path of the current 
through the earth, I have shown that it is impossible to determine by 
means of magnetometer measurements whether the current streams are 
confined to a layer or not. The question must be settled by measurc- 
ments of difference of potential, taking into account the specific 
resistance of the earth. It is probable that both assumptions are false 
and that both assumptions are true. Some current must flow into all 
parts of the earth, and yet the bulk of the current may flow near the 
surface. 

I have always been under the impression that electricity, although 
only in its infancy, is pretty much the same wherever you find it. 
Electrical energy at 6d. a unit is no better in quality than electrical 
energy at 2d. per unit. I have an idea that tramway engineers can put 
as good a current into the earth, and certainly as strong a one, as any 
that has been found there since the carly days of telegraphy. Hence 
why should the telegraph engineers have a monopoly in the usé of the 
term “earth currents” ? 

The PRESIDENT : I will only detain you a moment in order that you 
may testify to Mr. Wedmore, and to those gentlemen who have taken 
part in the discussion, your appreciation of their contributions to this 
subject. The paper is a most interesting one, and has elicited a very 
interesting discussion, although the subject to which it refers is a very 
vexed question. If we could only find an instrument which would be 
reliable for the ready measurement of currents passing over the surface 
of the earth, it would no doubt be acceptable in many quarters. 

I can support Mr. Trotter in his reference to the difficulties some- 
times met with in obtaining earth, as well as in his observations on the 
natural currents which traverse the crust of the earth. These natural 
currents are frequently very powerful. The difference between the 
natural currents and the artificial currents may perhaps be defined in 
that whereas the artificial currents permeate the surface of the earth 
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only in the neighbourhood in which they are generated, the natural 
currents are practically universal, although only occasionally with any 
degree of force. 


I will now ask you to pass a very hearty vote of thanks to the author 


for his admirable paper and to those gentlemen who have taken part in 
the discussion. 


The vote was carried by acclamation. 


The PRESIDENT announced that the scrutineers reported the 
following candidates to have been duly elected :— 


As Member: 
E. J. Bristow. 


As Associate Members г 


Dawson Adams. Henry Augustus Ratcliffe. 
Stephen E. Bastow. Oliver Shiras. 

Edward Dewar. Malcolm Greeves Smyth. 
Robert Kemp. Arthur J. Wheatley. 
Percy Lampard. Roland Spenser Yates. 


As Associates: 


‘Edward Ernest Anderson. | William Scott Harland. 

Frederic H. P. Berlyn. | James Archibald Kyle. 

Francis Chas. E. Burnett. | Alfred Reginald Munro. 

Tom Charles Collins. | J. W. Ormiston, Major R.A. 
| 


Edward Brown Cook. Clifford C. Paterson. 

William Henry Cook. William Clapham Priestley. 

Edward B. Ellice-Clark. Wm. Henry Starkey. 

Percy Burnett Hall. Frederick Walton. 

Percy M. Hampshire. | Herbert Wm. L. Ward. 
Henry Wolfenden. 


As Students: 


Alfred Spencer Briggs. B. Leigh. 

Herbert C. Crook. Wm. P. Miller. 
Francis T. Fawcett. Frederick Neuhaus. 
Henry James Few. Howard Potter. 
Cecil Herbert Finnis. Percival H. Powell. 
Geo. William Fisher. Alfred Roberts. 
Chas. Francis Jeffery. Godfrey J. D. Scott. 
Edward M. Langley. Alfred Somerville. 


Malcolm C. Timms. 
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AN ACCOUNT OF THE VISIT OF THE INSTI- 
TUTION OF ELECTRICAL ENGINEERS TO 
GERMANY, JUNE, тоот. 


By PERCY S. SHEARDOWN, Associate Member. 


(Paper read at Mecting of Section, Novcmber 14, 1901.) 


The Institution's visit to Germany this year was intended to be a 
combination of instruction and pleasure ; and although in the following 
description I have no time to dwell on the pleasure sidc of it, still it 
was certainly there ; indeed, I have rarely enjoyed a trip more, which 
was partly due to the kindness of our German hosts and partly to the 
general “ good fellowship" that pervaded the whole party. 

The germs of this trip were sown in 1899, when the Institution 
visited the power-stations and works in Switzerland ; the managing 
director of the Allgemeine Elektricitats Gesellschaft conveying ап 
intimation that the German electrical firms would be pleased to show 
what Germany could produce in the way of works, manufactures, and 
power-stations. On the invitation being accepted, our hosts seem to 
have laid themselves out not only to show us the extent of their 
engineering enterprise, their modern works and colossal power-stations, 
but also, and in no less a degree, their hospitality and power of 
entertaining. 

The visiting party were divided into three groups. Members of 
Group A. visited Hanover and Berlin only, which occupied about a 
week ; members of Group B. went on to Dresden, where they met the 
German Institution of Electrical Engineers, and returned to London 
from there; members of Group C. continued their journeyings to 
Nürnberg and Frankfort, and travelled home down the Rhine. 

The party which left Liverpool Street station by special train at 
7.45 p.m. on Saturday, June 21st, numbered about two hundred; it was 
officially in charge of our Past-President, Mr. Alexander Siemens. On 
the 22nd, at Hanover, tramcars were waiting to take members to the 
works of Messrs. Kórting Brothers, celebrated for the manufacture of 
injectors, heating apparatus, and gas engines, and also to the electricity 
works of the city. There appeared to be in Hanover an extensive 
electric tramway system, as I noticed the car numbers ran up to 700. 

The system generally is the trolley-wire type ; but the cars, instead 
of being equipped with a trolley standard and pole, are provided with 
- the Siemens type of collector or bow. 

Trail cars are run, some of the motor cars hauling more than one 
irailer. A few of the cars had top seats, but the single-deck car is 
almost universal on the Continent, "There is no trolley-wire allowed 
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to mar the appearance of the principal streets; but the cars run through 
these streets driven by energy stored in a small set of accumulators 
stowed away in each car, and charged from the trolley-wire during 
the cars’ peregrinations in the suburbs. This system was in vogue 
in Hanover, Berlin, and Dresden, there being no trolley-wire in the 
principal show streets. Although from an esthetic point of view this 
System appears very good, still, I gathered from good authorities that 
the maintenance of the batteries was a very costly matter—in fact a 
veritable profit-eater. 

In the evening the members and ladies of the party were invited 
by the City of Hanover to a banquet. 

In Berlin we were the guests of the two eminent firms—the Allge- 
meine Elektricitats Gesellschaft, and the Siemens and Halske Company. 
The programme for the afternoon of the 23rd was a series of visits to 
the electrical supply stations of Berlin. 

Meeting in the council-room of the Berlin Electricity Works, we 
were first of all treated to a paper on, and a demonstration of, the 
Nernst lamp, as manufactured by the A. E. G. Company, who are pro- 
prietors of the original patents. 

Electricity for power and light is supplied to Berlin from six large 
central stations, which are the property of one company, formerly 
known as the German Edison Company. This company has a special 
agreement with the municipality, which includes the payment to them 
of a certain share of the profits and also includes a purchase clause. 

The station which we first visited is composed of an old station 
known as the Schiffbauerdamm station, with a large addition known as 
the Luisenstrasse station. In the former are three 1,000 H.P. vertical 
compound Corliss engines, each direct-coupled to two generators of a 
very curious type, which, although used to a certain extent on the 
Continent, have, I think, never been copied in this country. In this 
tvpe the fields are stationary, and project out radially. The ring- 
wound armature is external to the field poles, being supported and 
driven by a spider. The inside portions of the winding are the active 
bars ; the outside or top portion of the bars are bare and are used as a 
commutator, the brushes therefore collecting the current direct from 
the armature. Each machine is capable of generating 2,600 amperes 
at 140 volts, the system being a three-wire continuous one at this voltage. 
There are also in this portion of the station two 2,000 H.P. direct- 
coupled inductor alternator sets, working at 3,000 volts three-phase. 
This part of the plant, it was explained to me, was really an extension 
of a direct-current station close by at Markgrafenstrasse, where it was 
impossible to get in any more generating machinery, but which required 
more power for the network connected to it, the whole of this alter- 
nating power being transformed down there and distributed from its 
'bus-bars. This seems a curious solution of peculiar local conditions. 

In the Luisenstrasse station, which is a still later addition to this 
power-house, there are three magnificent generating sets of the very 
latest type. Each set consists of a triple-expansion vertical Sulzer 
engine, coupled, one on each side, to two continuous-current generators 
of 1,000 Н.Р. generating at from 250 to 280 volts. These machines аге 
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used in parallel to supply the outers of the 140-volt three-wire network, 
or in series to supply current at 500 volts to the tramways. The water- 
tube boilers of this station are placed on the floor above the engines, 
and supply steam at 200 lbs. pressure, which is superheated to a very 
high degree. These sets, it is said, can generate a kilowatt-hour with 
an expenditure of a little over 14 lbs. of coal. 

We then visited the Moabit station of the Berlin Electricity Supply 
Company. This is one of two high-tension generating stations built 
by the company outside the city. It is at present equipped with three 

sets of plant, a fourth being in course of erection, but they are magnifi- 
cent examples of modern electric generating sets. The engines are of 
the triple-expansion horizontal type, cach having four cylinders arranged 
in two lines, tandem fashion. The alternator is mounted on the crank 
shaft between the two lines of cylinders, and generates a three-phase 
current at 6,000 volts. When complete, this station will have installed 
36,000 H.P. The switch-board is erected on a gallery commanding a 
good view of the engine-room below. The pancis carrying the instru- 
ments are of white marble. The run of the leads and connections 
seemed well arranged, porcelain insulators being largely used. 

Our next visit was to the rotary converter sub-station at Konigin 
Augusta Strasse. This sub-station was interesting from the curious type 
of converter installed. One great disadvantage experienced with rotary 
converters is the difficulty of varying the direct-current voltage when 
the alternating supply pressure must be kept constant. The American 
practice is to put a reactance coil between the transformer and the 
machine, which latter is compound wound, but with this arrangement 
the range over which the voltage may be varied is very limited. The 
design employed in these A. E. G. rotaries, and which is due to Mr. 
Dobrowolski, the company's chief designer, is as follows :— The 
machine has two armatures on the one shaft, and two sets of field 
magnets. Тһе alternating current first enters one armature by 
three slip-rings, and then passes into the other and out by a com- 
mutator. The first machine is an alternating booster, the fields being 
separately excited. The amount and the direction of boost can be 
varied, I understand, 20 per cent. either way. This appears a very 
satisfactory solution of this problem, but at the same time I should 
think a very expensive one, as the booster appeared about half the size 
of the rotary, and would, I should think, add 4o per cent. to the price 
of the latter. | ; 

Tuesday, 25th Fune—The visits for this day were arranged by 
Messrs. Siemens and Halske. The history of this firm is most interest- 
ing, and a paper on it alone would be very instructive. The firm was 
founded in October, 1847, by Werner Siemens, an artillery lieutenant, 
and Halske, a mechanical engineer. The small shop at this time 
contained three small lathes and ten workmen. They were first 
engaged in the manufacture of needle telegraph instruments, and 
gutta-percha covered wire. The pioneer telegraph work they did in 
Europe was enormous, and in 1853 they laid the first submarine cable 
between Oranienbaum and Kronstadt, which has been working ever 
since. In 1866 the first dynamo machine was manufactured. In 1872 
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the firm were employing 543 hands. In 1879 they produced the first 
differential arc lamp, and so well have they kept up with the times 
that at the Paris World’s Fair they were awarded the highest prize of 
all those awarded to dynamo electric machines, for a 2,000 K.W. steam 
dynamo. 

The success of the enterprise of this firm in developing every new . 
application of electricity has been so great, that at the present time 
the sister houses of Berlin, Vienna, London, and St. Petersburg 
employ 15,000 workmen and 4,000 officials. 

Starting from the Weidendammer Briicke, we were taken by special 
steamer down the river Spree to the cable works at West End. These 
cable works, which were built in 1883, extend over six acres of ground, 
with a brass foundry covering half an acre. 

The feature, I think, that impressed us most about these works, and 
indeed about many others that we saw in Germany, was the amount of 
room, and hence absence of crowding ; the whole of the buildings were 
kept scrupulously clean, all waste or scrap material being at once 
removed and so there was no litter; they were lofty, and had plenty of 
fresh air and light. Naturally, under these circumstances the working 
employes looked healthy, happy, and interested in their work. We 
were conducted through the various shops in groups, by members 
of the technical staff; everything was open for our inspection and all 
questions asked were answered without reserve. 

Every class of cable was to be seen, in all the various stages of 
manufacture ; and so much of it was there to be seen, that two hours’ 
steady tramping round barely sufficed to show us the whole of the 
works. I will not describe these works in detail, as the description of 
one I think will suffice, and from notes supplied I prefer to go into 
more detail about the Oberspree cable works of the A. E. G. which we 
visited next day. 

At noon we embarked on our steamer again, lunch being provided 
en route, and so arrived at the Siemens and Halske works at Char- 
lottenburg. 

The firm had taken much trouble to make the visit both interesting 
and intelligible, the chief objects of interest in each department being 
numbered, and we were each supplied with a type-written catalogue. 

The first and most interesting subject touched on was a group of 
exhibits in connection with the electrical equipment of a new high- 
speed car. The energies of this firm and also of the А. Е.С. Company 
appear at the present time to be concentrated on this modern develop- 
ment of high speed. The particular one that we were shown was 
ordered for experiments at high speed, on the military railway between 
Berlin and Zossen. The arrangement they had erected in the testing- 
room showed us in outline the electrical equipment and general 
arrangement. The three-phase currents that operated the car were 
generated by a 7oo K.W. dynamo which was really intended for 
coupling to a turbine, but in the present instance was being rope- 
driven by a motor. It was generating current at 10,000 volts, which is 
the pressure they intend to use on the trolley-wires. By a suitable 
collecting arrangement the currents are led into the car. А first 
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branch leads to a small auxiliary transformer with a transformation 
ratio of 10 to 1; this furnishes current to two air-compressing motors 
(compressed air being used to operate both brakes and switches). 
The current then passes through two high-pressure switches, one 
arranged at each end of the car. These switches are of what the firm call 
the tube type, which is designed so that the arc formed on opening 
the switch is drawn into a narrow insulating tube, the extinguishing 
effect of which is increased by metal cooling-rings. From the switches 
the current passes through some main safety fuses, which are designed 
for destroying the arc in the same way as in the tube switches; the 
melting strips being enclosed in narrow insulating tubes open at both 
ends, the action depends on the vapours (which are developed with 
great vehemence by the melting metal) suppressing the arc. The 
main transformers (there being one on each truck) reduce the pressure 
from 10,000 volts to 2,000. These transformers, which are pierced by 
longitudinal slots, are placed under the car, so as to get the full benefit 
of the draft (created by the car when travelling at high speed) for 
cooling purposes. The primaries of the transformers are permanently 
connected in star fashion, but the leads from the secondaries are led 
to switches (which are operated by compressed air) by means of which 
they can be grouped either in star fashion, producing 2,000 volts for 
starting, or delta fashion producing 1,150 volts for normal running. 
These secondary switches, with the motor switches and fuses, аге 
arranged beneath the floor of the car near the transformers, the 10,000- 
volt switches and fuses being kept away separate on the roof. The 
motors, two to each truck (there are two six-wheeled bogie trucks for 
each car), have a normal output of 250 H.P. each, and are able to 
stand an overload of 1,000 Н.Р. for a short time. The primary 2,000- 
volt three-phase current is led into the rotor by three slip-rings, the 
induced current from the stator is led from the latter to the starting 
device which consists of three drums or cylinders, the movement of 
which, operated partly by compressed air and partly by hand, cuts in 
or out resistance in the stator circuit. The compressed air is furnished 
by two air-pumps geared to induction motors of 3 H.P. each. 

It would be impossible to give anything like a complete list of all 
the interesting apparatus and machinery we saw in these works, but 
casually I may mention electric mining locomotives, automobile motors, 
all kinds of electric tramway apparatus and material, electric ship- 
steering apparatus, etc. In the large machine hall we saw a fine 
display of big generators, many of the alternators being for three- 
phase work, the pressure in some cases being produced in the machine 
as high as 13,500 volts. 

The alternators were usually of the stationary armature fly-wheel 
type, the armature cores being slotted to receive the winding in the 
shape of a former-wound coil, which is held secure in its place by a 
wood or hard asbestos key. This method is, of course, the almost uni- 
versal practice ; one of the greatest advantages being the comparative 
. ease with which a damaged coil can be replaced. 

There was also a large towing electric locomotive which travelled 
with the wheels on one side on a rail, but the other wheels, which 
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were provided with tyres of suitable breadth, ran on the tow-path. 
It was driven by a 16 H.P. motor, which took current at 500 volts 
from a trolley-wire, and developed a tractive effort sufficient to pull two 
barges of 300 tons capacity each, at the rate of from two to four miles 
an hour. : 

Then there was on exhibition a lot of electric rock-drilling machinery ; 
also in a department by itself a splendid display of railway block and 
other signalling apparatus, which Siemens and Halske have made a 
. special study of. Their electric switch and signalling arrangements, 
which allow of great centralisation, are in operation in many large 
railway stations, including Munich, Danzig, Dresden, and Berlin. 

Their manufacture of measuring instruments, ammeters, voltmeters, 
wattmeters, etc., was on a very large scale, also the manufacture 
of complete switch-boards. Their high-tension switch panels are 
usually made of white marble, and have a very handsome appearance. 
Besides the usual ammeters and voltmeters they usually equip their 
boards with indicating wattmeters, so that the true as well as the 
apparent watts can be seen at a glance ; this is certainly a step in the 
right direction, particularly where the central station is running motor 
generators or rotary converters in sub-stations, when the power-factor 
is often a good way from тоо per cent. 

One peculiar type of dynamo design which I have already mentioned 
we saw under construction, i.¢., the type with inside radial pole-pieces 
and external revolving armature, with the commutator formed on the 
armature windings. The general design gives one the idea of weak- 
ness, and I do not know the peculiar advantages claimed for this 
type, but one of them may be the possible reduction of expense 
` and material by doing away with the separate commutator and making 
the armature bars perform the functions of both winding and commu- 
tator. Ialso thought that the type was obsolete, but not only did we 
see these armatures under construction at the works, but the generators 
in the new station of the Berlin overhead and underground railway are 
of this over-hung armature type, but instead of using the bars as com- 
mutator, the windings are connected down to a commutator built beside 
the armature in the normal manner. 

In the collection of transformers exhibited I noticed one of 150 
K.W. capacity to transform from 500 volts to 20,600 volts, and another 
of the same capacity to transform from 2,000 volts to 15,000 volts. 

On leaving these works one of two courses was open to us, 
either to drive across to Gross Lichterfelde and inspect Siemens and 
Halske's experimental high-speed railway, and return to Berlin by the 
Wannsee electric train, or those interested in what the programme 
described as weak current plants were invited (by consent of the 
Imperial Post Office) to inspect telephone exchange No. III. at Berlin. 

I chose the former course, and arrived in due time at the ex- 
perimental road at Gross Lichterfelde, which we were informed 
was built by Siemens and Halske, to study the application of high- 
tension currents to traction purposes. The road was opened at the 
beginning of the year 1899, and has been in operation ever since. The 
power is supplied as a three-phase current of 10,000 volts, The electric 
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equipment consists of three overhead wires, which are mounted at the 
side of the track on poles one above the other. Brackets are fastened to 
the poles where all wires are flexibly suspended. The lowest wire is 
about 17 ft. 6 in. above the rail; underneath the wires there is a guard 
net. The track gauge is 4 ft. 8 in. The locomotive is about 13 feet 
long with wheels 39 inches in diameter; it is built of iron in the usual 
way, and has a closed cab. It is provided with both hand and air 
brake. On the top of the car are three trolley standards, each of which 
is provided with an insulated current collector or bow, made of 
aluminium; which presses against the side of the wire by the aid of coil 
springs. By means of transformers the pressure is reduced from 10,000 
volts to 750 volts, at which pressure it is passed through a controller to the 
two motors, each of which are 30 H.P. normal and 120 H.P. maximum. 
They drive the axles through single reduction gearing, and can drive 
the car at a speed of about 37 miles an hour. For speed regulation the 
controller can make the following connections : Star connection for 
ordinary running; Delta connection for great pull; one secondary 
phase open for half-speed. The controller is provided with a magnetic 
blow-out device. 

The track is, I should think, about a mile long. The high-speed car 
was in active operation, so active, indeed, that it was hard to get a good 
inspection; it would rush by and come to a standstill, but just when 
one arrived with a camera it would be off again in the opposite 
direction. The car appeared to accelerate very fast, but the peculiar 
purring noise the motors made was rather alarming. The three-phase 
power was supplied from a little transformer station, a 500-volt direct- 
current motor driving а three-phase alternator by means of. belt. 
It will be noticed that in this case, and in that of the military 
three-phase line already mentioned, three overhead wires are used, 
whereas in the Swiss three-phase railways two overhead wires 
are generally employed, the rails being used for the third phase. The 
advantage of the three overhead wires is that they cause no disturbance 
in any telephone wires they may pass near to. 

We then travelled by street car to a railway station on the Wannsee 
line, tickets being handed to us for our return journey to Berlin, which . 
was accomplished in the experimental electrically-equipped train 
belonging to this line, which is also the work and design of Messrs 
Siemens and Halske, and which has been running when required since 
the 1st of August, 1900. The method of traction employed is continuous 
current at 750 volts. The train is composed of ten ordinary suburban 
train cars of the Prussian State railways, the first and last of which cars 
were adapted and fitted as motor cars. The train empty weighs 193 
tons. Each of the six axles of the two motor cars is coupled to a motor. 
The controlling of the two motor cars is effected from the stand of 
the car for the time being at the front of the train in such a way 
that by means of one controller, and a single wire running the full 
length of the train, the six motors can be simultaneously cut in or out. 
By means of sliding-shoes the current is collected from a third rail 
placed at the side of the track. The current required by this train 
varies from o to 1,200 amperes, so batteries are installed at each end of 
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the line, which is the reason why such a low voltage has been chosen. 
This train takes its place with the ordinary steam trains, and is a 
practical experiment on the part of the State railways to find out what 
advantages electricity has over steam to operate suburban railway traffic. 

The visits on the 26th of June were arranged by the Allgemeine 
Elektricitats Gesellschaft. An hour's run by steamer brought us to a 
fine block of buildings which turned out to be the cable works of the 
“А. E. б”; and close alongside was another high block with two 
lofty shafts and a coal conveyer, which proved to be the Oberspree 
Central Station of the Berlin Electricity Supply Company. 

The works fire brigade, in a very awesome-looking uniform, lined 
the route from the landing-stage to the works, and on the landing-stage, 
to receive us and conduct us round in parties, were the principal officials 
of the company. Each member was handed a specially printed little 
pamphlet in book form, describing the works, from which we learnt 
. that the extensive buildings were only erected in 1897, and were 
designed according to the latest experiences in modern factory 
building. The works at present extend over about two and a half 
acres, but there is land for extensions. 

Besides the cable works proper, there is a factory for the manufac- 
ture of brass, bronze, copper, etc., a factory for the manufacture of 
rubber and rubber goods, and other insulating materials, and a depart- 
ment for the manufacture of all sorts of Róntgen Ray apparatus, etc. 
Tlie works are connected by rail with a large goods station, and on 
the banks of the river there is a crane of five tons capacity operated by 
thrce-phase electric motors, so that raw materials can be received, and 
finished manufactures despatched by either water or rail, at minimum 
expense in handling. In the yard there was an clectric locomotive 
busily shunting railway trucks, and two electric locomotives for loading 
and shunting trucks. After passing through the foundry, where fifteen 
furnaces were at work, we inspected the joinery department, where the 
cable drums were being made with the help of some special machinery, 
and then passed on into the rolling mills, where we saw heated copper 
bars, passed successively through twenty-one different rolls, being 
squeezed out to greater length and smaller diameter at each roll 
until it finally emerges as a ring of wire 24 inches in diameter and 
300 ‘yards long, the whole operation taking about 40 seconds. 

There were two sets of rolls, each being electrically driven, one by 
a 200-H.P. 500-volt :motor, and the other by a 600-H.P. 1,000-volt 
motor. The output of these works in ten hours was, we were informed, 
30 tons of 6mm. wire. After passing through the rolling process, the 
wire is cleaned by passing it through baths containing dilute sulphuric 
acid in order to remove all oxide and other impurities. Next we 
entered the wire-drawing mills, and saw wire being produced in all 
the various sizes. Among other modern apparatus the factory is 
equipped with ten multiple machines on which it is possible to draw 
the wire through seven holes at the same time. In the fine machines 
the dies are fitted with diamonds, through which the finer wirc is 
drawn in order to obtain the greatest accuracy; on these machines 
wire can be drawn down to ‘oo2 inch. 
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We were then shown the switchboard room. The works have not 
a power-station of their own, but take their current at 6,000 volts from 
the Oberspree Power-station of the Berlin Supply Company alongside. 
In the switchboard room are 16 three-phase transformers which 
transform the pressure from 6,000 volts to 1,000, 500, or 200 volts as 
required for the various circuits ; their total capacity is 2,600 K.W. 

There are also four rotary converters, transforming to 200-volt con- 
tinuous current ; these supply current for the crane motors, locomotives, 
and arc lamps, and also charge a large battery of accumulators placed 
in the basement, which would supply the lighting in case of accident to 
the feeder cables. The lighting of the factory is on the indirect 
system, inverted arcs, by means of reflectors, throwing the light up 
to the ceiling, from which it is diffused in a more uniform manner 
than can be obtained by any direct method. 

We next entered the main cable factory, where are located the wind- 
ing machines which coil the wire from the drums on to suitable 
bobbins. These bobbins are placed in position on the head of the 
cable machine, which, on being revolved round, strand up the cable. 
'The stranded cables are then passed through the lapping machines, 
which put on the insulating material, either paper, rubber, or a 
combination of jute and paper, in the same manner. The insulated 
cables are next placed in large receptacles called baskets, and put 
into a vacuum drying compartment, which is heated by steam coils ; 
when thoroughly dry it is put into the vacuum compound tank, where 
the paper is impregnated for a certain time, and after this it is passed 
into the lead-press, and is lead cased. The lead is squeezed on under 
a pressure of from 3,000 to 5,000 pounds, the cables are then wound 
on drums and placed under water, and after twenty-four hours’ 
immersion are tested at double their working pressurc. 

In the test room they can get any pressure up to 50,000 volts alterna- 
ting. The firm make and use for cable insulation and other purposes 
a patented compound that they call Stabilit, one great advantage of 
which for high-voltage cables is its low specific inductive capacity. 

I saw two drums of cable cach said to contain the same length of 
cable, and of the same cross-section, one being insulated with paper 
(whose specific inductive capacity is considered very low) and the other 
with this material Stabilit, being tested under a pressure of 30,000 volts ; 
the ammeter on the paper cable showed that it was taking (presumably 
a capacity current of) 'or4 amp., but the Stabilit cable was absorbing only 
"ог amp. When tested, most of the cable is taken to the armouring 
machines, where steel wire is stranded on, with the usual finishing 
coatings of compound and whitewash. 

As far as I could make out, the most generally adopted method of 
laying cable in Germany is to place armoured cable direct into a trench 
dug in the ground, which system is, I think, in Great Britain being 
largely displaced by the draw-in or the so-called solid system. 

We then inspected the machines for insulating the smaller-sized 
wires, and for constructing the air-space telephone cables, these cables 
being made with as manyas 306 pairs of wires. There are roo of these 
telephone cable machines in the works. 

Vor. 31. 41 
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We then passed through the boiler-house, which contains four 
Babcock and Wilcox, and two Steinmnruller boilers ; the steam generated 
being used exclusively for drying, vulcanising, and heating purposes. 
There was also in the boiler-house a Riedler express pump which 
was driven by a 15 H.P. three-phase motor. The pump running at 180 
revolutions could deliver 24,000 gallons of water per hour ; it can also in 
case of fire, deliver water to the hydrants throughout the building at 
golbs. pressure. We then passed to the rubber factory and saw rubber 
in every stage of manufacture, from the crude balls of rubber to the 
finished vulcanised article ; it was interesting to notice the difference in 
appearance of the crude rubber, as received from the various producing 
countries. Then there was a department for the manufacture of 
micanite ; the thin mica sheets are stuck together by means of shellac, 
afterwards being moulded under pressure to the required shape 
and dried. Next came the braiding shops, where there were 350 
machines at work. The noise can be better imagined than described ; 
the ingenuity displayed in the mechanical movements of these machines 
is always most interesting, although often hard to follow. 

Throughout the entire works the machines are driven either singly 
or in groups by electric motors. The absence of shafting, besides mean- 
ing a saving in power and improving the appearance of the works, is 
most important where the indirect system of lightingis employed, asthe 
heavy shadows caused by shafting and belting are done away with. 

'" We then adjourned to the Casino for lunch, where а certain amount 
of gratifying speechmaking was got through. Herr Rathenau, the 
president of the A. E. С. Company, in his speech made some very compli- 
mentary remarks about the original work done by many of the English 
engineers to the advancement of the Electrical Engineering industry. 

I should like to mention a few facts about this Casino. Itis a splendid 
building erected for the convenience of, and to supply the wants of, the 
3,000 people connected with the works. It has four large halls with 
accommodation for 1,600 people ; in the principal hall of the Casino 
wherc we lunched, and which had been most tastefully decorated, 
there arc held weekly lectures of a scientific and instructive nature by 
the employés of the works, which are attended with great interest by the 
workmen and workwomen. The ground-floor contained bath-rooms, a 
surgeon's room, etc. Finally we were informed that everything was 
done as regards саге for the workinen’s welfare, in order to do justice 
to the requirements of modern times. There is also in connection a 
convalescent home, favourably situated in the woods, which will 
accommodate 200 invalids. 

After lunch we were shown some high-tension discharges and other 
phenomena, with pressures ranging up to 50,000 volts. 

This minute examination of the cable works had left us but little 
time to inspect the Oberspree Power-station of the Berlin supply 
station. This station is a magnificent sight at the present time, and 
will be still more so when it has received the full complement of 
machinery for which it has been designed, which I understand will 
total up to the enormous amount of 54,000 Н.Р. 

There are installed at the present time three 3,000-K. W. three-phase 


1901.) THE 1.Е.Е. TO GERMANY, JUNE, 1901. 621 


alternators generating at 6,000 volts; these are similar to the sets 
installed in the Moabit station, being directly connected to the crank 
shaft and placed between the two lines of cylinders of a horizontal 
triple-expansion four-cylinder engine. There arc also two horizontal 
engines driving 1,000-K.W. alternators, and two very striking-looking 
vertical engines, which each drive two 600-K.W. inductor alternators, 
one set being coupled on each side of the engine. 

After finishing our inspection we again embarked on our steamer 
which took us to Treptow, and.on landing we walked through the 
tunnel of an electric railway under the Spree, after which а short 
railway journey brought us to the Dynamo and Motor Works of the 
A. E.G. Company. It was very pleasant to notice how, in every way 
our hosts tried to show us that we were welcome, and that our visit 
was looked forward to. 

Before entering the works we were much interested with one of 
the bogey-trucks of the A. E. G. high-speed car. 

The main difference between the high-speed systems of the 
Allgemeine Elektricitits Gesellschaft and of the Siemens апа Halske 
firms is, that while the latter employ 10,000 volts on the trolley and 
reduce this by transformers on the car to 2,000 volts for the motors, 
the A. E. G. Co. intend using 12,000 volts on the trolley, reducing this 
on the car to 400 volts, thus employing a low voltage motor ; but at 
the same time this firm state that ultimately for long-distance work it 
may turn out to be better to send out the current at a pressure of 
50,000 volts, and transform this at various sub-stations along the line to 
3,000 volts, feeding the trolley-wire at this pressure, which the motors 
on the car would be designed for. This system, while still being a 
high-pressure one, would do away with the necessity of carrying trans- 
formers on the train, which would mean a great saving in many ways. 

The “A. E. G.” car has been described by Herr Lasche in his 
paper read before the Institution at the time of the Glasgow Congress.' 

On entering the factory we found that much of the work was carried 
out in one large bay, which was covered by a roof on iron lattice 
girders. The advantage of this appeared to be twofold : first, by the 
aid of overhead .travelling-cranes, machines, when finished in one 
department, can be easily moved tc another ; and secondly, supervision 
is easier, and idling harder, than where walls intervene between the 
shops. The tools throughout the works were operated by electric 
motors, any tool of moderate or large size being operated by its own 
motor. Around the walls of this big shop ran a gallery, occupied 
mostly by small lathes and other tools. 

There appeared to be plenty of work on hand, many of the 
machines being large three-phase alternators. ‘The work appeared to 
be very carefully done ; for instance, after the core disc stampings 
were built up into a complete armature, the stampings appeared so 
accurately got out that the sides of the slot or channel left for the 
winding appeared to be perfectly true; but nevertheless I noticed 
that, in order to have a perfectly smooth bed for the coil, it was care- 
fully filed up by hand. 


! See this Journal, 1901, Vol. 31, p. 24. 
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We saw also a new departure in the design of large machines, 
which I believe the A. E. G. have patented, the novelty being in the 
way the frame was stiffened. The ordinary plan in constructing, say 
the stationary armature of an alternator, is, after building up the core 
discs, to bolt them in a cast-iron ring frame, which gives the necessary 
strength and rigidity to the whole structure; but the A. E. G., in this 
new plan, are simply clamping the core discs up in a couple of rings, 
or a frame, of very light structure, and obtaining the required stiffness 
by. means of a system of struts and tie-rods on the same plan as а 
roof principal is designed. The advantages claimed are lightness, 
cheapness, and better ventilation. 

The firm appeared also to have a big output in standard 50o-volt 
tramway motors and in controllers, and it has struck me as strange that 
considering the large amount of tramway material these German firms 
have turned out into satisfactory operation in their own country, that 
they have not had a bigger share of British patronage, the bulk of the 
contracts up to the present having fallen to American firms. 

After spending about an hour and a half in walking round this 
factory, we were taken through the tunnel of the underground railway 
to the same firm's apparatus factory at Acker Strasse. 

In this apparatus factory the A. E. G. Co., like the Siemens and 
Halske firm, seem to manufacture everything electrical except cables 
and dynamos. They have particularly large departments for the 
manufacture of arc-lamps, ammeters, voltmeters, and watt-hour meters. 

We saw a lot of interesting stamping-machines for producing 
quickly and accurately, small parts for lampholders, switches, etc. In 
some of the shops for smaller work, women were working the lathes, 
drilling-machines, stamps, etc., and looked very happy and interested 
in their work. 

In the evening the two firms, Siemens and Halske and the A. E. G. 
Co., entertained us at dinner, in which very cordial toasts were proposed 
on both sides. 

On Thursday morning we inspected the “ Berlin Electrical Elevated 
and Underground Railway," which is being constructed by Messrs. 
Siemens and Halske. We first entered a piece of the finished tunnel 
or covered subway, which is laid with two lines of track. The line, 
which runs from the centre part of Berlin out towards the suburbs, 
is, in the busy part of the town, laid underground, not by decp 
tunnelling, as in the Central London Railway, but by digging a 
cutting in the centre of the road: the course it follows being under 
roads which are very wide. The excavating appeared to be a very 
simple matter, the subsoil being a fine sand. A retaining wall is 
built up on each side of the cutting and closed in with a roof strong 
enough to carry the road traffic. Getting further out towards the out- 
skirts of the town, the railway leaves its subterranean passage and 
becomcs an overhead railway, carried on a lattice girder construction, 
the supporting columns at the end of the spans being built up of 
granite, the whole arrangement forming a very elegant structure. 

After looking through the partially erected power-station, we 
inspected what I think they called the junction triangle ; here the up 
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and the down track curve both to the right and left, making connec- 
tions with a line running at right angles to them, at this point. The 
original part of the design is that there are no level crossings; this is 
achieved by letting one track drop in level, cross under the track which 
in ordinary practice it would intersect at the same level, and then rise 
again and make connection with the proper track. The object of this 
very complicated looking construction is, of course, to avoid the 
possibility of accidents which always exists at level crossings. 

Inthe afternoon we visited the Berlin Technical High School. There 
were alternative visits to Messrs. Ludwig Loewe and to the Union 
Elektricitàts Gesellschaft, but I chose the former course. 

The Technical High School is situated in a sort of public park at 
Charlottenburg. We were conducted through the various lecture- 
rooms, laboratories, library, testing rooms, etc., by Professor Dr. Slaby, 
Principal of the School, and an inventor of a workable system of wire- 
less telegraphy which is being adopted to a certain extent in Germany, 
I was much pleased with what I saw, especially with the way in 
which the laboratories were equipped. In the large electrical testing 
laboratory the floor was designed so that machines could be bolted 
down where convenient, while handy little trestle cranes, supplied with 
chain blocks and mounted on wheels, were supplied, so that the smaller 
dynamos, motors, etc., could be easily moved about. 

The machines that the students were experimenting with were not 
broken-down ancients, but small modern machines of all classes, gas 
engine sets, etc. The engine-room of the mechanical engineering 
department was well worth seeing. One of the most interesting 
specimens of experimental machinery was a 150 B.H.P triple-expansion 
engine, the arrangement of the cylinders being very peculiar: the 
high and the intermediate pressure cylinders were arranged in tandem 
horizontally, the low pressure cylinder being arranged vertically, but 
it acted on the same crank as the horizontal cylinders, The engine 
was direct-coupled to a multipolar dynamo, and was provided with a 
condenser, superheater, etc., and also with the most perfect experimental 
appliances. It was supplied as well with a second crank on the main 
shaft, complete with guides, guide rod, extension frame, etc., so that 
compressors or pumps could be easily attached for experimental 
purposes. 

When we were there, Professor Josse had attached to this engine crank 
a fourth cylinder, and on this he had made nearly all the experiments 
about his sulphur dioxide waste-heat engine, the principle of which 
appears to be as follows : Instead of the surface condenser, as supplied 
to an ordinary engine, being cooled by water in the usual way, it is 
cooled by liquid sulphur dioxide; the temperature of the condenser 
is high enough to vapourise this liquid and raise it to a considerable 
pressure, up to 120 to 140 155. ; this vapour is then admitted to an 
auxiliary cylinder, by suitable valves, and after passing through this 
and doing work it is liquified again in a second condenser, by means 
of cold water, the same liquid sulphur dioxide being used to perform 
the same cycle over and over again. 

In his experiments at the Technical High School, Professor Josse 
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was able to get a further amount of work from his waste-heat engine of 
342 per cent. of the steam engine. The total steam consumption in this 
200 Н.Р. engine being under these conditions only 8°34 lbs. of steam 
per I.H.P., he very proudly compares this with the steam consumption 
of the new 3,000 Н,Р. engines at the Luisenstrasse Central Station, 
which with the same amount of super-heat use 9°58 Ibs. of steam per 
I.H.P. : 

With our visit to the Technical High School the first part of the 
German tour ended, members of Group A. returning to London cither 
that evening or first thing in the morning. 


DRESDEN, 


One of the principal reasons of the visit to Dresden was to meet the 
German Society of Electrical Manufacturers, who were holding a con- 
vention in this city. | 

On the Friday afternoon the members of the Institution made 
very interesting visits, one being described as the “ Heat Transmission 
and Electricity Works of the State.” There was а certain amount of 
speculation as to what the particular duties of this State transmission 
would be, but what we found was a power-station of good size, with 
a big array of water-tube boilers, the station being employed to light 
and heat buildings owned by the State in Dresden, I am sorry to 
sav I did not get as much information about this station as I should 
like to have, as our guide spoke German only. I learnt, however, 
that the same boilers were used both for heating purposes and for 
running the electric lighting sets ; when used for the former purpose, 
the steam pressure was kept at 9o lbs., but for power purposes it was 
raised to 120 lbs. The steam was super-heated to from 20° to 140° C. 
The pipes carrying the stcam to the various buildings are placed in 
a subway, being supported on a ball-bearing arrangement or bracket, 
which allows the pipes to adjust themselves easily for expansion. The 
effect if you gave one of these pipes a push was verv strange, as, owing 
to its great length and the almost frictionless supports, the pipe kept on 
swinging for some time like a heavy rope. They had some automatic 
arrangement which gave them notice in case of a burst anywhere along 
the subway ! The steam, after doing its work, was returning to the 
station as water, being apparently completely condensed in the return 
pipe. The lighting system was an ordinary three-wire onc, a large 
battery being also employed. 

We next proceeded to the City Lighting and Power Station. 
Although practically in one building, the Dresden Lighting Plant 
and Power Plant are kept quite distinct, being in two similar bavs 
placed side by side. 

In the bay devoted to the lighting we found a row of cight alter- 
nating sets, and although of different makers, the general appcarance 
was very symmetrical. As in a great many of the German stations which 
we visited, the engines were compound tandem engines acting on a 
single crank, the valves in all cases being of the Corliss type. Consider- 
ing the amount one hears of the necessity of a multiplicity af cranks, 
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if an even-turning movement is required, I was surprised to see in 
Germany so many single-crank engines driving alternators. 

The larger sets in this station were of 1,000 K.W. capacity, the 
alternators being by the Helios Company ; the pressure is 2,200 volts. 
The smaller sets about 500 kilowatts were by the Lahmeyer Company ; 
the engines in each case ran at 85 revolutions. In this station they 
never synchronise an alternator running light, with one on the load ; 
the incoming machine being run on an artificial load, then paralleled, 
and the artificial load taken off. 

On entering the tramway power-station we found it in appearance 
very similar to the one we had just left, the same type of compound 
single-crank horizontal engines running at 85 revolutions, but direct- 
coupled to continuous-current machines, each with an output of 1,570 
amperes at 520 volts. They were splendid-looking machines, with 
narrow ring-wound armatures; the field magnets, which contained 
fourteen pairs of poles, were of great diameter. The switchboard, 
besides the machine panels, had 23 feeder panels, each of which, besides 
the usual circuit-breaker, switch, and ammeter, was supplied also with 
a wattmeter. 

Our visit to Dresden finished, the next move was to Nürnberg, the 
Institution having been invited by the celebrated firm of Schuckert to 
inspect their works which are situated in this city. 

I did not go down to Nürnberg, so cannot tell you what there was to 
be seen there, but I met the party again in Frankfort on the following 
Wednesday, 


FRANKFORT. 


In Frankfort our hosts were the Elektricitits Actien Gesellschaft, 
who were known formerly as Lahmeyer & Co. Although neither as 
large in output nor in dimensions as many we had already seen, still 
I think I enjoyed our visit to these works almost more than to any of 
the others. We were shown round by Dr. Epstein, the chief technical 
adviser of the firm, who was most courteous and obliging in giving a 
full explanation of everything we saw. 

The way the business of this firm has grown in ten years may be 
estimated from thc following figures :— 


In 1891 their workmen numbered 5,апа the staff 22 


33) 1896 » J) 39 320 РДА 39 39 107 
» 1901 , 5 у; 2,100 , 4 , 756 


This firm devote their entire energies to the production of dynamos, 
motors, transformers, and controlling devices; they also put together 
switchboards, but they do not manufacture the instruments. 

The machine tools and shafting in the shops are driven electrically, 
the works having their own generating station, supplying both a three- 
phase alternating current and also a continuous current. All the 
machine tools that run at practically constant speed are driven by 
three-phase: motors, while those in which it is necessary to vary the 
speed over a wide range are operated by direct-current motors. 

As far as I could make out, this firm do not fallin line with the trend 
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of the present-day workshop practice of standardising everything, but 
appear to prefer to lay themselves out for large work, and to design a 
machine exactly to fulfil requirements instead of fulfilling their orders 
from the nearest thing they may have in stock. I noticed a good many 
of the machinists studying blue prints for dimensions, which seems to 
bear this out, as men who are employed turning up parts for stock 
machines usually work to gauge. 

Most of the large alternating machines under construction seemed 
to be for 10,000 volts. 

We entered the works through an archway composed of the half- 
field magnet frames of machines intended to work at this voltage. The 
amount of care bestowed on the work appeared to be very great. For 
instance, in their continuous-current armatures they use former-wound 
coils embedded in parallel slots in the armature-core ; this armature- 
core is not made up of discs with the slot stamped in them, but of 
circular core discs, the slot being afterwards milled out by a vertical 
milling machine, so as to get a perfectly smooth slot. This is also the 
Shape of slot employed by most firms for alternating machines, but 
the Lahmeyer Company think they get a better design for alternators 
by using a deeper slot half bridged across with iron. This shape of 
slot makes it impossible to use a former-wound coil, so the whole of 
‘the armature-winding has to be- wound оп the machine by hand. This 
appeared to be a very slow and expensive method, the lapping of the 
end connections alone, after the winding was on, being a very laborious 
business. 

The transformers this firm build are very curious in appearance, as 
they are supplied without a case, neither oil nor yet air blast cooling 
being necessary. 

We were shown some large motors, designed to run pumps at an 
abnormally low speed ; also a very neat controller for operating crane 
motors—there was only one vertical handle or lever, which operated the 
control for both motors. If this lever is moved to right or left across 
the building, the traversing motor was started in the same direction ; 
but if the lever was pushed towards, either up or down the room, the 
longitudinal traverse motor was started in the same direction. The 
lever could, however, be moved diagonally, in which case both 
motors were started, so that, practically speaking, the load on the 
crane always moved in the same dircction as that in which this lever 
was directed. 

In the evening a dinner was given in our honour by the Elektro- 
technische Gesellschaft of Frankfort, in the beautiful Palm Gardens. 

Next morning early I had a run round the Frankfort lighting 
station. Here again І found a line of large single-crank Corliss engines. 
The alternators were by Brown, Boveri & Co. In this station, by 
means of a bell and contact system, they get the engine cranks, so to 
speak, in phase, as weli as thc alternators. Extensions were going on. 

The city tramcars are run from this station with the help of motor- 
generator sets іп sub-stations. I was in опе of the largest of these. It 
was placed underground in the centre of the city. There were three 
seis ; cach of them must have been about six or seven hundred 
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kilowatts. There was also a large storage battery. I think batteries 
are more popular on the Continent, in connection with traction 
schemes, than they are in the British Isles. 

Thursday, July 4th, was really the last day of the trip. In the 
morning we were taken by the Elektricitáts Actien Gesellschaft to 
Wiesbaden to see a combined traction and lighting plant put down by 
them for the municipal authorities. This installation is interesting 
from two points of view. The Wiesbaden central station was one of 
the first to use three-phase currents for lighting purposes, and it may 
interest some present to know that thc results have been most satisfac- 
tory. Thesecond interesting point is the curious arrangement of enginc 
and generating sets. The engines are single-crank horizontal, tandem 
compound engines, with Corliss valves; but coupled to each engine 
shaft is a three-phase alternator generating current at 2,400 volts, a 
direct-current alternator generating current at 500 volts, and also an 
exciter. The engine is large enough to drive only one of these two 
machines when the latter is fully loaded, the larger sets consisting of an 
engine of from 9oo to 1,200 B.H.P. coupled to a three-phase alternator 
of 800 kilowatts and to a direct-current generator of 800 kilowatts 
capacity. By this arrangement it is claimed that in a combined 
traction and lighting station the engines can more easily be kept at full 
load than where the engine is coupled to one class of generator only. 
Another interesting feature was the manner in which the transformers 
were housed. Instead of being buried in cramped underground 
chambers, they are installed in iron kiosks, which stand in positions 
convenient for distribution, and are no eyesore in the streets, The 
sides are arranged on hinges, and can be opened back as doors, when 
the switches, fuses, etc., are easily accessible from the street without 
entering the chamber itself. There is much to be said for such an 
arrangement on the score of safety, although the manipulation of 
switches and fuses in public might, under certain conditions, be rather 
embarrassing. 

On the afternoon of this day the same firm generously conducted us 
to Homburg, where we visited the electricity works, which isa combined 
lighting and traction station with the same arrangement of engine 
and dynamo sets, the only difference being that vertical engines are 
employed, which are each connected to two direct-current generators, 
one for traction and one for lighting at a different voltage. 

The party then proceeded by a new electric railway to Saalburg 
and inspected some very interesting Roman remains, returning in the 
evening to Homburg, where our hosts entertained us at dinner. 

On the following day most of the party travelled home by way of 
the Rhine, which finished up pleasantly what was admitted, I think, by 
all who took part in it, to have been a most successful and enjoyable 
trip. 


Mr. J. W. TOWLE thought the members would wish they had been of 
the visiting party to Germany. "The practice of bringing tools to the 
work instead of taking the work to the tools was largely followed, and 
was undoubtedly the right thing. With regard to the macbines with 
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the radial pole-pieces, Professor Forbes told us when in Dublin that 
the dynamos at Niagara had a somewhat similar construction, and said 
that one of the advantages was the counteracting of the centrifugal 
force by the magnetic pull, He also asked Mr, Sheardown to describe 
the methods of insulating the 10,000-volt line. 

Dr. Е. T. TRouTON asked if Mr. Sheardown had been able to observe 
whether the amount of technical education in Germany had had any 
connection with the enormous development of work which has lately 
taken place in that country. This aspect of the question was of great 
interest at the moment to us in this countrv, when so much was being 
talked about with regard to education in Ireland. 

Mr. M, RuDDLE thought the generation of 1 k.w. by 14 lbs. of coal 
was only done on a very special test. So far as he had seen, and he 
had been all over the ground described in the paper, the almost 
universal practice in Germany appeared to use single-crank engines. 
The standard of steady voltage was much below what would be 
tolerated here, and he instanced a case where the pressure, at first 120, 
fell to 95 and then settled to ros, due to the switching in of motors on 
the premises of a large consumer. 

Prof. W. F. BARRETT expressed the thanks of the meeting to the 
author for the carefully compiled and instructive paper to which they had 
listened with much interest. The rapid growth in German industrial 
enterprise synchronised, and was doubtless closely connected with, the 
remarkable development in higher technical education which has been 
going on in Germany under the fostering care of the State. There is no 
technical college in the whole of our United Kingdom comparable 
with the splendid school at Charlottenburg to which the author of 
the paper had alluded. He hoped our own Government would 
realise the importance of this question ere it was too late. 

Mr. P. S. SHEARDOWN replied that Mr. Towle’s remarks about the 
modern practice in shops of bringing the tools to the work instead 
of the work to the tools was quite borne out by what he saw. One reason 
for this was, of course, that as the size of machines increases, it becomes 
harder and more expensive to move the various parts from tool to tool. 
A second reason was, that by the use of clectrically driven tools it 
becomes much easier to bring the tool to the work than in days when 
the belts were the only means of transmission. 

With regard to the insulation of an overhead line to work at 10,000 
volts there did not seem to be much difficulty, and it was an easier 
problem to provide suitable porcelain insulators for a straight through 
line, in which the current is collected from the side, than with the 
conditions that have to be fulfilled in street railway practice. 

With regard to Dr. Trouton's inquiry, he could not say that anything 
he saw or heard would put him in a position to express an opinion as 
to how much Germany is benefiting from her Technical Instruction 
System, but it did strike him that the lesson in discipline learnt by 
the three years’ army service made the maintenance of proper control 
and order in the shops easier, and he thought in the long run the 
conscription system in Germany must be more of an advantage than a 
disadvantage, 
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Professor Barrett thought there was a more progressive spirit about Mr. 
the German public than we find in Great Britain, and he believed this 9heardewn. 
to be to a certain extent true. We hada habit of talking about “the 
good old times” with the result that one notices that many public 
committees approach questions involving radical change with an 
evident bias towards letting things remain as they are, 


= 
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BIRMINGHAM LOCAL SECTION. 


NOTE ON ALTERNATE-CURRENT DIAGRAMS. 
By W. E. SUMPNER, D.Sc., Member. 


(Paper read at Mecting of Section, December 11, 1901.) 


Alternate-current quantities can be represented by polygonal figures 
exactly as if they were forces. The length of the line represents the 
magnitude of the corresponding quantity, while its inclination denotes 
the phase. The phase angle between two lines is such that the cosine 
of the angle multiplied by the product of the lengths of the lines is equal 
to the average value of the product of the two quantities represented by 
the lines. The treatment of mechanical problems is often simplified by 
splitting up the forces concerned into components along perpendicular 
axes, adding the components, and compounding to find the resultant. 
Similarly many alternate-current problems can be most easily dealt with 
by the separate consideration of the rectangular components of the 
quantities met with. 

This process has been long known, and has been much used, in cases 
where it сап be assumed that the currents and potentials vary according 
to a simple sine law. It has been proved by the present writer to be 
also perfectly accurate whatever the law of variation of the current. 
[See “ The Vector Properties of Alternating Currents,” Proc. Roy. Soc., 
1897, vol. 61, p. 455.] The proof rests upon one fundamental proposi- 
tion which was established in the paper referred to. A particularly 
simple proof of it recently found seems worthy of notice. 

The proposition in ordinary language implies that the power-factor 
of an alternate-current circuit must be less than unity except for 
perfectly non-inductive conductors. More generally it can be stated 
thus :— 

If x and y are two quantities varying with time in any way whatever 
(excepting the special case in which х is a constant multiple of у), the 
average value of the product x y is necessarily less than X Y where— 


X? is the mean value of x?, 
and— 
Y? is the mean value of у“. 


To prove this, consider— 
(Xy — Үх)?. 
This quantity being a square is necessarily positive. Thus— 


Хау Уа > 2 у XY. 
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This being true at every instant, must be true also for the mean. 
Now X and Y do not vary since they are averages, 
also— 
| mean у: = Y? by definition, 
and— 
mean х = X? by definition. 


Represent the mean of x y by ху. 
Substitute and we get— 


2 ХҮ > 2xyXY, 
or 
XY> xy. 


Thus if x is the voltage applied to a conductor and y the current 
through it, the product X Y of the volts and amperes, as read by 
alternating-current instruments, exceeds the mean value of ry. In 
other words, the “ power-factor" is less than unity. The only exception 


is when— 
(X y — Y xy 


is zero at every instant, or when— 


= x = constant 


x 
y Y 
for every instant. In this special case the power-factor is unity. 

Even if the current does not alternate, but merely varies in some 
manner different from the voltage, the power-factor must be less 
than r. 

The proposition above stated is of very general application. It is 
not confined to the case of the voltage and current on a particular 
conductor. It is true of any two variable quantities. It shows that 
there is always some factor 7, less than unity, for which— 


xy=fxXx Ү, 


and f may conveniently be called the “ product-factor " of the quantitics 
xand у. The importance of the result is due to the fact that it really 
forms the basis of the method of representing alternating-current 
quantities by triangle diagrams, as it is possible to deduce from it that 
this well-known method is accurate however great the variations from 
the sine law may be. 

It may be noticed incidentally that the ordinary idea that it is 
possible to bring the power-factor of an inductive current up to unity 
by the use of compensators is erroneous. All that can be done is to 
raise the power-factor to a maximum value less than unity. The 
adjectives lagging and leading as applied to alternating currents, arc 
convenient but inaccurate. A current may be lagging when it is near 
zero, and leading іп the neighbourhood of its maximum. /- 
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THE TESTING OF MOTOR LOSSES. 
By W. E. SUMPNER, D.Sc., Member. 


In the case of direct-current machines the well-known Hopkinson 
method is admirably adapted to determine the temperature after a 
long run, and the losses under various conditions of load. The method 
can be applied to alternators, whether single-phase or multi-phase, 
when two similar machines are available. In the case of single-phase 
dynamos only one machine is necessary, since any multipolar alternator 
can be regarded as a number of similar machines coupled in series. 
[See this Journal, 1893, vol. 22, p. 116: W. M. Mordey on “Testing and 
Working Alternators."] 

For the separation of the losses in direct-current dynamos and 
motors the best known method is that of Kapp and Housman. This 
method requires only the simplest possible instruments, and is well 
suited for workshop testing. It has an advantage over the Hopkinson 
method in that it only requires the one machine under test. The 
method may be extended to alternating-current machinery, but all the 
simplicity is lost. The instruments required are not usually available 
in works, and, especially for the case of polyphase machines, the testing 
becomes complicated. 

A better method for alternators is to run the machine at various 
speeds and excitations by a separately excited direct-current motor, 
measure the power supplied electrically to the latter, and allow for the 
losses. 

But a difficulty ariscs in applying this method to machines having 
heavy revolving parts. Suppose a current of 40 amperes in the motor 
is just sufficient to balance the losses and maintain constant speed, and 
let the current increase to 44 amperes. The accelerating current will be 
4 amperes, exerting a torque one-tenth of that due to friction, and the 
machine will speed up at one-tenth of the rate at which it would slow 
down on open circuit. Now with heavy machines this drop of speed 
may occur very slowly, at a rate of less than то per cent. per minute. 
In such a case the motor current could be anything from 36 to 44 
amperes without the specd changing more than one per cent. per minute, 
and with ordinary speed indicators the speed would seem constant for 
any current between those limits. 

It seems desirable in such cases to use some method in sich the 
kinetic energy of the running machine forms the source of power, 
and to deduce from the way in which the machine slows down 
under the retarding torque due to frictional and other losses, the 
magnitudes of these losses. Тһе idea of utilising the inertia of the 
running machines for such a purpose has been previously suggested 
by Ashworth, Routin, and others, but the methods recommended 
have been suitable rather for the laboratory than for the workshop. 
A number of references, and a good account of several of these methods 
will be found in articles by Professor Hay printed in the Electrical 
Review for August, 1900. 

Acceleration methods of this kind will be good or bad according as 
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the instrumental methods used for making the obser'vatioris are or аге not 
sufficiently accurate and simple to apply. In each of the three methods 
below the process suggested for making the measurements possesses 
some advantages over others previously published. 

The first method, which has been successfully used for several years 
past in the classes of the Birmingham Technical School, can Бе 
recommended on account of its simplicity. The only apparatus re- 
quired are an ordinary watch, a good speed indicator, and some means 
of applying to the machine a small measured retarding torque cither 
mechanically or electrically. 

Observe (by counting the number of ticks of a watch) the time 
taken for the machine to slow down between two given speeds R, and R, 
as read by the speed indicator. The loss of kinetic energy of the 
revolving mass is— 

a(R? — Ко) 


where a is a constant depending on the moment of inertia of the rotor. 
If T is the retarding torque due to the losses in the machine, T varies 
very slowly with the speed, and can be regarded as constant during a 
change of about то per cent. in the speed R. If T is constant, R 
diminishes uniformly, so that the work done in the interval / is— 


2 ETAT Be 


whence— 


Tin(R, + К.) = a(R me R,”), 


or— 


Ti=“(R—R,) . А Bee ee AO 


If, therefore, in different experiments, we alter T but keep R, and R, 
the same, the value of T is inversely proportional to the corresponding 


value of £. If by increasing T by a known mechanical torque T, the 
value of 2 15 altered to 7. 


Ті-(Т--Т)ғ, 
or— | 


and— 
T l — "Es |—[ me ( R, R, ) Г] e e e e a e . (3) 


which determines a, and hence the kinetic energy at speed R. 

T may now be altered by varying the excitation of the machine, and 
in other ways, so that the torque due to hysteresis and eddy-currents 
can be separated from that due to friction. Moreover, by use of equa- 
tion (3) the torque at different speeds can be determined. 

.If the constant in the equations is determined electrically by apply- 
ing a torque due to a current generated by the machine, 

let W == {һе watts wasted due to the machine losses, 
and let w = the watts generated by the mathine in the calibration 
test, 
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we then have— 
Wi = (УМ tw)! =a(R,? — К), 
or— 
MES 4 | | 
Wee оа & Wee зы» 4-84) 

and— 

Wi=w ЁЁ = а(Е — Еу) 

t—ť $ 

and similar remarks apply. 

This method is capable of yielding good results even with small 
machines when a good speed-indicator is available. With very little 
practice the method of counting the time interval by the number of 
ticks of a watch becomes more accurate than by use of a stop-watch, 
so that an ordinary watch is all that is necessary. The limit of 
accuracy is determined by the speed-indicator. A good tachometer 
will be found accurate enough in most cases. 

The form of equation (3) shows that to get a good result ¢ should 
be about half of 1, To read /' accurately it should not be less than 
24 seconds, or 10 quarter-second ticks of the watch, so that ¢ should 
not be less than 5 seconds, and thus R, — R, in (3) should not be less 
than the change of speed in this time. Now small machines take 
about 30 seconds to slow down from full speed tó rest, and the change 
in R in 5 seconds will be nearly 20 per cent. With large machines 
the time of slowing down may exceed 30 minutes, or 1,800 seconds, 
so that the time intervals ¢ and /' for a change of speed easily observed 
on the tachometer will be considerable, and can be readily measured. 
In all cases the method is easily applicable, when the speed-indicator 
is at all reliable. 

An entirely different method of observing the change of speed can 
be applied wherever there are large alternators working in parallel. 
The synchronising apparatus can be employed as the speed-indicator 
by making use of the principle of beats. If the machines are running 
in synchronism, and power be shut off from one machine and its arma- 
ture circuit opened, the synchronising apparatus will show more and 
more rapid beats. If it is possible to count the number n of beats 
occurring in a time / from the moment of opening the armature circuit, 
it can be shown that— 


is a constant quantity for any particular machine (T being the retarding 
torque caused by the losses). 

In the short timc / the number of periods which occur will be, for 
dynamos giving f? periods per revolution— 


f R:t for the first alternator, 
and— 


P(R, + в) for the second alternator. 
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These quantities will differ by », 


E фВ,!== п + }(Е, +R) 2 
or— 
2n-zpl(R, — R). 
If the frequency of the current is f = PR, 
 OQQR,—R, 
her 23 Puno A se ж vw. ub ДЕ) 
But by (3)— 
Ti =* (К, — Rj) 
ж 
Ті ак, 
2n т/і 
or— 
TP_2aR_24 (6) 


Thus T is proportional to the number of beats occurring in a given 
time, or inversely proportional to the square of the time taken for a 
given number of beats. If both / and л аге observed— 


sy qe 
H, Па 


and if in the second experiment T = T + T, 


. Ce т wo И) 


The number of beats occurring in a time £ is proportional to P. 
Whether or not these are too quick to count will depend on the values 
in equation (5). | 


ie is the fractional drop of speed in time /. 
Supposing a is the fractional drop of speed per second, then— 
— al 
and— 
апа Р ea xx 4-4: ae ж. {8) 


Thus if the frequency of the current is 100 per second, and the speed 


falls 1 per cent. per second n= P, or in 4 seconds there will be 


8 beats ; and the method becomes rather too sensitive for easy measure- 

ment, as the beats will occur rapidly. But with large machines, and 

the moderate frequencies now common, the beats will not occur with 
Vor. 81. 42 


686 SUMPNER: THE TESTING OF (Birmingham, 


inconvenient rapidity. Thus for a machine taking 10 minutes to slow 
down from full speed to rest, and for a current frequency of 50 periods 
the time for 4 beats will be about 10 seconds, and can easily be 
observed. қ 

If the machine tested is а direct-current shunt machine, ог ап 
alternator provided with an exciter on the same shaft, or any machine 
which is run up to speed by means of a belted shunt motor, a much 
better method of measuring the change of speed is available without 
the use of a speed-indicator at all. The method consists, as indicated 
in Fig. 1, of using a suitable low-voltage voltmeter to measure the 
difference between the voltage of the field-magnet coils and the 
induced E.M.F. in the armature. The field-magnet is permanently 
connected to constant potential mains, the armature being connected 
across these mains through a switch and starting resistance, the switch 
end of the armature being also connected to the corresponding main 
through a voltmeter provided with a key. When the desired speed is 
attained the armature switch is opened and the voltmeter key closed. 
The reading of the voltmeter is a direct measure of the change of 
speed (R, — К.) in (3). The method then merely consists in observing 
the time interval taken for the voltmeter to change its deflection 
between two given values, and formulz (2) and (4) apply. When this 
method is applicable the speed readings can be very accurately taken. 

The only novelty in the suggestion of using a voltmeter as speed 
indicator arises from the special way in which it is connected. Instead 
of joining it up across the armature so as to indicate the total speed of 
the machine, it is connected so as to measure the difference between 
the constant voltage corresponding with the normal speed, and the 
actual voltage due to the reduced speed. It is thus possible to use a 
sensitive voltmeter capable of indicating by a considerable deflection 
small changes in speed. This is a great advantage, for in these 
acceleration methods the time measurements can be much more 
accurately taken than the speed indications. It'is, besides, desirable to 
make the measurements for a small percentage change in the speed. 

To test this method, experiments have been made on one of the 
three Parker dynamos in the engine room of the Birmingham Technical 
School. Each dynamo gives at full loael an output of до units at 110 
volts, the speed being 8oo revolutions per minute. It is belted to a 
Tangye gas engine running at 160 revolutions. Both engine and 
dynamo are provided with heavy fly-wheels. The engine running 
alone takes 2 minutes to slow down from full speed to rest. When 
belted to the dynamo, this time is increased to 4 minutes. The time of 
slowing down of the dynamo alone, on open circuit, is 22 minutes. 

The slow acceleration of the machines, owing to the excessive inertia 
of the revolving parts, was no advantage in the tests, since the time 
intervals could be measured much more accurately than the angular 
movement of the pointer of the voltmeter. If the machines had slowed 
down more rapidly, the use of a lower reading voltmeter would have 
secured equal precision. 

The only instruments needed for the test were a watch, a voltmeter, 
an ammeter and a common water resistance. It was not found 
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necessary to alter a single connection between the dynamo and the 
switchboard. The field coils were permanently excited from the 'bus- 
bars. The armature had its negative brush permanently connected 
with the negative bar, and its positive was on open circuit except when 
connected through the ammeter and water resistance to one of the 'bus- 
bars (the positive bar for speeding up and the negative for slowing 
down.) 

The voltmeter v was so connected that it read the difference 
between the voltage V, of the 'bus-bars, and V the voltage on the 
armature of the dynamo under test. 

For constant excitation V will measure the speed of the machine, 
so that the kinetic energy K of the revolving parts will be— 


K=aV? and K,zaV,, 
where a is some constant and K, is the value of K for the speed of the 
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FIG. I. 


machine at which the armature gives V,= 110 volts. If during a time 
lı —t, the value of V changes from V, to V, and the diminution of 
energy is merely due to a loss of W watts in friction, 


W(t—t) =a(V2— У) = А — Уа), 


we may put— 


and substituting— 


where A, is that current which, if flowing through the armature so 
as to oppose the friction, will just balance it and keep the speed 
constant. 
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Now — 
У, = У; — 7, V4 V, — и, V.— У, == — 7, 


where v, and т, are the readings of the voltmeter. 


@©@—@, , 
Also ілші; і5 the rate of change of v per second. Calling this 7, 
we have— 
2K. | 
А, — `2 U . . . e . . • . . • (9) 


If in addition to the frictional torque there is one due (о a current 
A in the armature, we have, according as A aids or opposes friction— 


2 K,. 
A+ A= yrs 9, 


2K,. 


А.-А = 20. gh a he ш ни Ес) 
Hence, if we make experiment with different values of A, and observe 
the corresponding values of ù, the connection between A and ? will be 
linear for all speeds for which we can assume A, to be constant. This 
relation will give not only thé value of A, and hence W the watts 
wasted in friction, but also K, the kinetic energy of the revolving parts 
at the normal speed. 

In a preliminary test of the engine and dynamo running together 
with the field of the latter not quite fully excited, it was found that v 
altered from 6 to 27 volts іп 55 seconds. Thus 9, ог the voltage change 
per second, is 0°38. 


But with a load current of 51°5 amperes it was found that the rate of 
loss of voltage was increased to 0°53 volts per second, v changing from 
8 to 29'3 volts in 40 seconds. 
2K, 
S3 575 + Ао 53 X үү» 

Whence— 

A, = 130 amperes. 

W = 143 kilowatts. 

K, — 2,070,000 watt-seconds. 

= 0'557 kilowatt-hours. 


In a more complete test taken with the machine fully excited, and 
slowing down on open circuit, the following corresponding values of 
v and / were found :— 

t= 0, 25, 50 seconds. 
7-3, 155, 275 volts. 


Whence it appears that ò slowly diminishes from 0'50 to 048 volts per 
second. 
Taking v = 0'49, we have— 


2K, _ 
Ao о) X '49. 
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The machines were again run up to speed by the engine, the gas 
from the latter being then shut off. А load current of 52 amperes was 
taken from the armature. Observations taken over an interval of 30 
seconds showed that v had been increased to 0°73 volts per second. 
We then have— 

2 К, 
52 + А, == (110)? X '73. 
Whence— 
A, = 106 amperes. 
W. = 1177 kilowatts. 
K, = 1,310,000 watt-seconds. 
= 0'364 kilowatt-hours. 


The differences between the new values found for W and K and the 
former ones is satisfactorily accounted for by the difference in the 
speeds necessary to produce 110 volts under the two conditions of exci- 
tation of the field. As the speed does not vary greatly, the frictional 
torque may be assumed the same in both experiments. The strength 
of the field is inversely as the values found for Аб, and the speed pro- 
ducing 110 volts varies directly as Ag. 

Since K, the kinetic energy, increases as the square of the speed 
and W as its first power, we must compare— 

: uh 106\? | 
364 with '557 x (55) 
and— 


ІГ7 with 142 x (1%). 


The former number works out to be 0:37, and the latter 11°6. ‘The 
agreement is better than was expected, and is to be regarded as some- 
what accidental. 

Observations were then made on the dynamo alone. The engine 
belt was removed, and the dynamo run up to speed by passing 
through its armature a current taken from the 'bus-bars through 
the water resistance. When the machine had nearly attained the 
normal speed, observations were made of the accelerating current A, 
and the corresponding rate of rise of voltage 7. The armature switch 
was then opened and the new value of ? observed. 

The following numbers give one set of readings for А =o :— 


l 
у 


о, бо, 120, 180, 240 seconds, 
10 175, 25, 225, 285 volts. 


Whence ? is 7:5 volts per minute, ог 2 == 125 volts per second. 

The numbers in the table below give simultaneous readings of /, v 
and the accelerating current A for a period of 23 minutes. 

The numbers given in the last three columns show— 


(i.) The decrease in v for successive interval of one minute. 
(ii.) The average current during these intervals. 
(iii.) The value of ù. 
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| { _· |а бо 2 | Mean A ? | 
| 

о 305 56 | 

30 23:8 55 | 12'0 54'7 "200 | 

бо 185 53 93 50 155 | 

go 14°5 43 65 433 108 | 

120 12'0 34 490 257 :067 | 

| 150 105 | 30 | 


| | 
| | 


After these readings had been taken another set of observations was 
made on the slowing down of the machine on open circuit. The 
readings taken were-— 


t = o, 60, 120, 180 seconds. 
v = 10, 182, 265, 347 volts, 
giving ? == *136 volts per second. 
Tabulating the results for A and 2, we have— 


A | 
Obs. | Calc. 

о | + ‘125 + '131 

35°7 —067 | —'о67 | 

433 — ‘108 —II0 2 
| 503 — "155 — 49, 

547 0 = "200 —"174 

о (00 E5136 + '131 


The constancy of the value of 7 found in each set of observations 
for which А = о shows that the difference between the first and last 
values in the above table is due to a real alteration in the frictional 
resistances during the interval. The values of 7 found for any two 
values of A are sufficient to determine— 


Ao W and К, 
since— 
А, — А = 2K_ x 7. 
(110)? 
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This equation is confirmed by the fact that the values in the above 
table are found to follow the law— 


23'5 — А == 180 9, 
the values of ? calculated from this equation being given in the third 
column in the table. Thus, for the dynamo alone we have— 
o == 23'5 amperes. 
W = 2:58 kilowatts. 


К = 1,090,000 watt-seconds. 
= "303 kilowatt-hours. 


For the engine and dynamo together the loss found was— 

117 kilowatts, 
or about 9'1 kilowatts for the engine alone, The result was afterwards 
confirmed by indicating the engine and dynamo running light. The 
loss, found was in satisfactory agreement with that obtained by the 
electrical method. 

-It will be seen that if the kinetic energy Ко at normal speed, for a 
particular engine and dynamo, is known, a single determination of ù 15 
sufficient to determine the frictional losses. Equation (g) shows that 
this loss is— 


2 K, y; ман, 
where V, is the voltage on the armature at normal speed. If an 
accelerating current of A amperes is passed through the armature when 
p is observed, the frictional loss is— 


2 К, V; +A V, watts, 


the + or — sign being chosen according as A opposes or aids friction. 


Mr. R. H. HousMan: We have to thank Dr. Sumpner for two very 
instructive and interesting papers. By the first we are relieved from 
the anxiety that alternating-current diagrams rely on sine curves ; and 
in the second some very interesting and novel methods are used. But 
in the latter case, I do not 
think that sufficient credit is 
given to the original author, 
Mr. J. Swinburne. The other 
two methods (Kapp and Hous- 
man’s) enable us to separate the 
losses into two parts: those 
proportional to the speed, and 
those proportional to the square 
of the speed. By keeping the 
excitation constant and altering 
the voltage on the armature, a diagram of current and E.M.F. can be 
obtained in which we have a series of points lying on a line. The 
assumption is that the losses may be divided into two рагіѕ—опе 
overcome by a torque proportional to the speed, and the other by.a 


FiG. À. 


Mr. 
Housman. 
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Наша constant torque, the proportional part being due to Foucault currents, 
' and the constant part to hysteresis and friction. 

. But the hysteresis may not remain constant ; the curve probably 
slopes upwards. The frictional loss is also assumed to be proportional 
to the speed, but with good bearings the friction is fluid friction, 
varying with the square of the speed. The brush friction is, of course, 
solid friction and constant at all loads. Within the limits we are deal- 
ing with, however, the friction may be assumed constant and acting as 
solid friction, but the air friction has been altogether neglected, and 
this increases with the square of the speed. The sloping part of the 
diagram is, therefore, due to the incréase of the above losses and to 
air friction, aS well as to Foucault currents. 

There is' a fairly simple method of distinguishing between these 
losses by running the machine at various strengths of fields, and since 
the loss in eddy currents depends only on E.M.F. and not on speed, 
any increase in the slope of the diagram is due to increase of air 

friction at the higher speed. The 
losses due to air friction are con- 
siderable, but depend on the shape of 
the armature and on ventilation. 

In taking these diagrams there 
are a number of precautions to be 
observed. In the first case, the bear- 

ENF ings must have been run long enough 

Fic. B. for the temperature to become steady 

and the friction to attain its final 
value. Again, the commutator must be clean before readings are taken, 
for the leakage when the commutator is black is so great, that by 
merely wiping off the black deposit readings can always be decreased. 

Dr. Sumpner has drawn attention to the diffculty with machines 
having very heavy flywheels or armatures, with which the speed will 
gradually increase ; and the final value is only reached after a lapse of 
several minutes. In cases where the weight is not very excessive, by 
varying the voltage when the final speed is nearly reached, first 
decreasing and then increasing, we can get a number of readings of 
the current and, by taking the mean, get a very near approximation 
to the truth. 

I think that Dr. Sumpner’s method of measuring the losses by 
alteration of kinetic energy is specially good in the case of dynamos 
connected to gas engines, and the method which he uses to measure 
the loss of speed is on the whole particularly adapted for this purpose. 
In the case of alternating machines I think this method is very satis- 
factory ; but this is not the case with small machines where the times 
are too short, and the ordinary methods are to be preferred. There is 
a certain amount of complexity due to the mixture of mechanical and 
electrical units used in the measurements. I think that the method to 
which the author gives the most prominence, viz., when using engines 
with heavy flywheels, will be most satisfactory and useful; and the 
method of applying it to alternators also appears elegant and 
exaçt, 


Current. 
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Mr. A. M. TAYLOR: I wish to refer to the first paper, on alternating- 
current diagrams, in which there is this sentence: “ The phase angle 
between two lines is such that the cosine of the angle multiplied by the 
product of the lengths of the lines is equal to the average value of the 
product of the two quantities represented by the lines.” Dr. Sumpner 
in his paper proves that if you have two quantities x and y, both varying 
with time, that the product of the R.M.S. values of these two variables 
is always greater than the average value of the product of the vari- 
ables. He deduces from this that whatever the relations of current 
and pressure with time, X Y cos ¢ correctly gives the watts in the 
circuit. I submit that the proof, as given, does not warrant this deduc- 
tion, and to show this I have taken a case where the current lags 
50 degrees behind the E.M.F. Of course the assumption is correct 
for sine curves, and I find it is approximately correct for parabolic 
curves where f==0'643; but if the wave form consist of a series of 
triangles— 


X Y = 682 
x у = '366 
far 
f Y Y^ 538, 
and assuming the wave form to consist of а series of rectangles— 
X Y= 2°'0 


oe 


X 
теле = 


showing that Dr. Sumpner's “ product factor” (f) is not equal to cos $, 
the value of which is 0:643 for 50° difference of phase. 

Dr. SUMPNER : What do you mean by an angle of 50 degrees ? 

Mr. TAYLOR: I mean an angle of 50 degrees between the centres 
of the wave forms representing current and E.M.F. I am afraid that 
we must not run away with the idea that the watts are given by 
X Y cos $ for every conceivable case, but perhaps I am misunder- 
standing Dr. Sumpner's conclusions in this respect ? 

Dr. Sumpner also shows that X Y > xy in every conceivable case, 
but, in the case of separately excited syn- 
chronous motors, for a certain excitation 
we can represent the values of the im- 
pressed E.M.F. (O A), the back E.M.F. 
(O B), the combined ohmic and inductive 
drop (AB), and the current AC by a 
Figure C— 

If now the excitation be increased so that 
the triangle AB C swings round bringing 
A C to the other side of O A, then at a par- 
ticular point in the excitation you must surely have a power-factor of 
unity, viz., when the line AC coincides with the line O A. 

Mr. HENRY Lea: In Dr. Sumpner's paper оп the testing of motor 
losses, I take it that the method he advocates is confined to observations 
made when the motor is slowing down, and he takes as an instance 
the machinery which is producing electricity in this building with 


Mr. Taylor, 


Dr. 
Sumpner. 


Mr. Taylor. 


Mr. Lea. 


Sumpner. 
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which I have a practical experience. This machinery consists of three 
dynamos belted to Tangye gas-engines, both engine and дупатофетр 
provided with flywheels and taking four minutes to slow down from 
full speed to rest. He deduces from observations taken during the 
process of slowing down what the total internal losses of the whole 
plant are. But when slowing down, the frictional losses must be very 
different from what they are when the dynamo is driven at full load. 
In the one case you have an initial pressure of 300 lbs. per square inch, 
and this, owing to the early ignition now used in gas engines, throws 
a tremendous pressure on the main bearings and big end of connecting- 
rod without doing much useful work, but merely engaged in producing 
friction. When slowing down, the initial pressure on the piston is only 
about go lbs. per square inch, and the frictional losses must be very 
much less than at full load. Owingto the insufficient weight of flywheel 
on these engines, and the consequent necessity for heavy flywheels on 
the dynamos, the belt has a series of sudden impulses applied to it 
causing slipping. But with the test as made on slowing down, the 
dynamo is driving the engine with constant effort, and the losses will 
be very different from what they are when the engine is driving the 
dynamo loaded. These two sources of loss are not taken into account 
in Dr. Sumpner's calculations, and I think that the results would not 


Fic. D. Fic. E. 


be correct for tests carried out on machinery such as there is in this 
building. 

Dr. W. E. SUMPNER (in reply) : I will answer the questions raised in 
the same order as the papers. With regard to Mr. Taylor's difficulty, 
this merely arises from a misconception of the angle he refers to. I do 
not dispute his calculations, but the angle which represents the power- 
factor, or product-factor, is not the angle which he assumes it to be. 
The paper shows that the mean product of two quantities is less than 
the product of the means of those quantities as read by alternating- 
current instruments. The ratio of the two products is thus less than 
unity, and can be represented by cos ф, where ф isa real angle. But it 
does not follow, except in the case of sine currents, that the angle $ so 
calculated is the angle corresponding with the distance between the 
maxima of the two curves, as Mr. Taylor has assumed. The angle $ 
has to be found from the equation, which equation thus must be 
correct. What, then, is the use of the equation? The answer is, 
firstly, that it is always possible to find a real angle ¢ to satisfy the 
equation ; and, secondly, that the angles thus found for different 
conductors are consistent with geometrical representation. Thus, if 
two inductive conductors are in series, as in Fig. D, the first taking a 


1901.) MOTOR LOSSES: DISCUSSION. 645 


voltage V,, and the second a voltage V,, and if the voltage across the 
two in series is V,, it is always possible to construct a triangle the sides 
of which represent V,, V., and V, in magnitude, and which triangle is 
also such that the angles between each side and a fourth line repre- 
senting the current represents the power-factor of the corresponding 
conductor. Thus in Fig. E, if the line OA represents the current and 
the lines OQ, QP, and РО represent respectively the voltages V,, У,, 
and V, then it is possible to draw the figure so that cos QOA is the 
power-factor of the first conductor, cos R A is that of the second, and 
cos POA that of the third, consisting of the former two in series. The 
possibility of constructing such a figure can be shown to depend upon 
the truth of the proposition established in the paper. 

In complicated and exceptional cases the figure does not necessarily 
lie wholly in one plane, and this affords the answer to the second point 
raised by Mr. Taylor. He points out that the current taken by a 
synchronous motor alters from a lagging to a leading condition as the 
exciting current is varied so as to pass through the value for minimum 
current, and assumes that the power-factor of the motor must be unity 
for this minimum value. Of course it is obvious that if two lines drawn 
on a sheet of paper represent the voltage and current taken by the 
motor the angle between them cannot continuously alter from a positive 
to a negative value without the lines actually crossing one another, 
with a zero angle between them, and a power-factor unity. But if the 
figure is not necessarily confined to one plane, the angle can alter 
continuously between the two values without passing through zero 
as an intermediate stage. What Mr. Taylor says of synchronous motors 
is no doubt essentially true in actual cases, but it is not strictly accurate. 
A power-factor unity means absolute correspondence between the 
voltage and current curves, and this, strictly speaking, never happens, 
even with so-called non-inductive resistances. 

In regard to the second paper, Mr. Housman gave some very 
interesting information about tests with the Kapp and Housman method. 
He referred to the accurate investigation and separation of small sources 
of loss. This was not the object I had in view in writing the paper. I 
aimed at raising a discussion on the most suitable methods of testing 
machines with simple instruments, and by methods needing few pre- 
liminary arrangements. The object was not so much high accuracy, as 
quickness and simplicity in getting good approximate results. 

I agree with Mr. Lea that the conditions under which the testing 
was carried out are not quite the same as when the dynamo is loaded, 
but I doubt very much if there is any simple method that takes into 
account all the losses which will give more correct results. You cannot 
get any method which will give the losses direct unless you go to the 
trouble of using the Hopkinson method. 

Mr. Housman says he doubts whether the method is applicable 
to small machines, and in this case I prefer the Kapp and Housman 
method myself. The method I have described is adapted mainly 
to testing large machines and alternators. 


Dr. 
Sumpner. 
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MANCHESTER LOCAL SECTION 


THE BREAKING OF SHAFTS ІМ DIRECT- 
COUPLED UNITS, DUE TO OSCILLATIONS 
SET UP AT CRITICAL SPEEDS. 


By JULIUS FRITH, A.M.I.E.E. and ERNEST H. LAMB 
B.Sc. (Vict.). 


(Paper read December 17, 1901.) 


The design of a shaft to do some particular work is, to many of us, 
an operation of every-day occurrence, and, judging from the results 
attained, one which is attended with a very fair amount of success. 
The maximum stresses induced in the shaft, when considered as an 
agent for the transmission of power from one machine to another, can, 
in most cases, be estimated with considerable accuracy; and the 
calculation of the necessary strength and stiffness to give to the shaft 
is an operation that presents no particular difficulty, when it appears in 
the designing room of any engineering works. 

_ Apart from the possibility of hidden flaws in the material of the 
shaft, there are, however, certain internal causes of weakness, which 
do not appear to have sufficiently claimed the attention of Engineers." 
The object of this paper is to point out these causes of weakness ; 
which may occasion the fracture of a perfectly sound shaft, quite 
independently of the work it is doing, or indeed when it is doing no 
useful work at all. 

Various cases of the failure of engine and dynamo shafts are on 
record, where the fracture occurred at some particular speed, and could 
not be attributed te any of the ordinary strains to which they are 
liable during working, as the shafts were amply strong to endure the 
maximum strains due to steam pressure and the inertia of the moving 
parts combined. Hence in such cases we must look for some other 
possible disturbance as the cause of fracture. 

Such occurrences would very naturally point to the fact, that the 
“free” period of some oscillations of the crank shaft together with the 
attached masses, synchronised with the period of some external 
periodic force, acting on the system. We shall show later, that abso- 
lute synchronism of these two periods (which is a practical impossibility 
for any length of time), is not essential to produce the fracture ; but that 
if the two periods approach each other in magnitude, within a certain 
range, there will be great risk of fracture. We shall also show that 


t Capt. Sankey, of the well-known firm of Messrs. Willans and Robinson, 
Ltd., of Rugby, some time ago called attention to this possible cause of 
fracture ; and it was at his suggestion that the present authors were induced 
to look further into the question. 
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such fractures can be avoided by suitable adjustment of the stiffness 
of the shafts, and by some alteration in the moments of inertia of the 
revolving masses. 

At this stage let us consider a few problems in oscillations con- 
nected with shafts and masses attached thereto. 

Take the case of a shaft, fixed rigidly at one end, with a mass 
attached to the other end which is free. If we give the attached mass 
a displacement from its equilibrium position, by twisting the shaft 
within the elastic limit, and then suddenly release it, it will oscillate 
with a simple harmonic motion in a period which depends solely on 
the torsional “ stiffness” of the shaft, and the moment of inertia, or 
rotary inertia, of the attached mass. 

In the Appendix to this paper will be found the solution of this 
problem, the period being given by the formula— 


> 
m 

where M is the moment of inertia of the mass about the axis of the 
shaft, and m, is the couple necessary to twist the length of shaft 
through unit angle. 

This problem is analogous to that of a spiral spring, fixed at one 
end and carrying a mass at the other. If the attached mass be 
displaced from its equilibrium position by extending or compressing 
the spring, and then suddenly released, it will oscillate with a simple 
harmonic motion, with a period depending only on the stiffness of the 
spring, and the inertia of the attached mass. 

Next consider thc casc of a length of shaft with two attached 
masses, one at each end. Suppose the shaft supported in bearings, so 
as to be free to rotate. Let us now give the masses a relative 
displacement by twisting the shaft between them, within the elastic 
limit, and then suddenly release it. The masses will oscillate opposite 
to each other, with a simple harmonic motion, the period depending 
only on the stiffness of the shaft, and the rotary inertias of the two 
attached masses. 

The solution of this problem is the second which is given in the 
Appendix ; the period being given by 


= I M, M, 
к= = (gar) 


where M, and M, are the moments of inertia of the two masses, m, 
being the couple necessary to twist the shaft through unit angle. 

If we now impose upon some part of the system an external 
periodic couple, whose period 15 the same as that of the “free” motion 
of the system which we have just been describing, the amplitude of the 
oscillations of the masses will gradually increase, until the shaft finally 
breaks. 

The same effect canalso be produced in the previous example of a 
shaft, fixed at one end and carrying a mass at the other. 

Furthermore, from the theory of forced oscillations we learn that, 
in the event of the period of the forced disturbance synchronising with 


T 22- 


г 
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any period of the free motion of a system, the amplitudes eventually 
become infinite. 

Let us now consider the free oscillations of a system consisting of a 
shaft carrying three masses, attached at certain intervals of its length. As 
before, suppose the shaft to rest in bearings so as to be free to rotate. 
Here it is possible to see at the outset, that the motion is much more 
complex than in the previous cases which we have been considering. 
For it is possible to start the oscillations in.different ways. For 
example, we may simply twist the two outer masses in opposite 
directions and then release them ; ог we may twist the outer masses 
in the same direction, while we simultaneously twist the middle mass 
in the opposite direction, and then release them. These two methods of 
starting will generally result in obtaining different modes of oscillation 
of the system. If the system be set oscillating by starting it in any 
manner, it will be seen that the motion will in general consist of a 
superposition of the two modes of oscillation which have just been 
described ; and these two modes of oscillation have, in general, 
different periods. 

At first sight it appears as if there were more than two periods 
in the motion, owing to its complexity, but this is not so. The 
 delusion lies in the fact that there are different states of motion, which 
depend on the way in which the motion is started. For, in the most 
general state of motion, the masses all oscillate in a motion compounded 
of two simple harmonic oscillations, there being no fixed relation 
between the two amplitudes of the two oscillations. We may, how- 
ever, by taking proper precautions about starting, get one or other of 
the periods alone. 

The mathematical solution of this problem will also be found in the 
Appendix, being the third problem there. The solution shows con- 
clusively that there can be only two periods in the free motion of the 
system. 

The two periods are given by expressions of the form— 


T, == — = and T, =?" 


Па 


where 7? and n, are the roots of a quadratic equation. 
An interesting fact about the two periods of the system is there 
pointed out. 

If M, M, and M, be the rotary inertias of the masses in order along 
the shaft, it is shown that the two periods of the free motion lie in 
magnitude outside the two periods of the mono-periodic systems 
consisting of 

(1) The two masses M, and M, and the length of shaft between 
them. 

(2) The two masses M, and M, and the length of shaft between 
them. 

A system having a motion compounded of two simple harmonic 
oscillations, though not analogous to the preceding problem, is the 
double pendulum, where we can have either of the periods alone, by 
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taking proper precautions about starting; the most general state of 
motion being that where the two oscillations are superposed. 

If in the above case of the shaft and three attached masses we 
impose a periodic couple on any part of the system, in the event of the 
period of the imposed extraneous couple sychronising with either of 
the periods of the free motion of the system, the amplitude of the 
oscillation will increase without limit until finally the shaft fractures. 

In all the above instances of shafts and attached masses, it will be 
seen, on referring to the solutions given in the Appendix, that when 
an extraneous periodic couple acts upon some part of the system, the 
most general state of motion possible is that where the forced oscillations 
are superposed on the “free” motion. In all practical cases, however, 
the free oscillations die out more or less rapidly, at a rate depending on 
the magnitude of the friction, there being no external forces to main- 
tain this part of the motion. 

Before proceeding further with our subject, we would call attention 
to а few points in connection with the formule which we have given. 

In the Appendix will be found the method of calculating the couple 
required to twist a given length of shaft of a given diameter through 
unit angle. There also is shown the method of applying the 
calculation to a shaft of varying diameter. It should be noted that the 
formulz for the twisting of a shaft do not hold at points where there is 
a sudden increase or diminution in the diameter ; but for approximate 
calculation the formulz given are sufficiently accurate. 

The next point is of importance, and relates to the choice of a proper 
system of units for our calculations. If we agree to reckon forces in 
pounds weight, we must take “g” times one pound as our unit of mass. 
If *g" is taken as 32 feet per second, we must reckon lengths in feet 
and areas in square feet. 

Hence the modulus of rigidity “С” must be reckoned in pounds 
weight per square foot. 

So far we have confined our attention to problems which admit of 
fairly exact mathematical analysis ; that is to say, we have chosen cer- 
tain conditions under which the equations of motion of the systems 
considered admit of simple solutions. 

We will now turn our thoughts to what is more directly the subject 
of our paper, namely, the oscillations of systems, consisting of dynamo 
armatures, or rotating field magnets and fly-wheels, coupled direct to 
reciprocating engines. 

It is obvious, in the case of an engine coupled direct to an armature 
and fly-wheel by means of а length of shaft, that this isa system in which 
it is possible to set up oscillations of the nature which we have just 
been considering; the period of which depends on the stiffness of the 
length of shaft between the engine and point of attachment of the fly- 
wheel, and on the moments of inertia of the fly-wheel and armature, 
and of the reciprocating parts of the engine about the axis of the shaft. 

Now, at first sight, it appears (at least it did appear so to the 
authors) that any such possible free oscillations in combined sets of 
the direct-coupled type, would have a period of oscillation very much 

shorter than the period of the variations in turning moment of the 
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engine, owing to the great stiffness of the shaft; so that synchronism 
appeared to be out of the question. 

However, on applying calculation to the case of an actual working 
set, where an engine was coupled direct to two armatures in tandem, 
we were surprised to get results giving periods of very much the same 
length as those of the engine beats, thus showing that synchronism and 
large forced amplitudes were occurrences within reasonable possibility, 
and consequently that there was danger of fracture occurring either in 
the shafts, or keys, by which the rotating masses were attached. 

It must be borne in mind, however, that calculations of this nature, 
when applied to such a complex system as a direct-coupled engine and 
dynamo, can only be regarded as a guide, but yet are often of sufficient 
value to give warning in case of danger. 

That such calculations can only give very approximate results will 
be easily understood from the following considerations :— 

It becomes necessary when considering this question in the design 
of plant, to calculate the moment of inertia of a mass, such as an arma- 
ture, when we have only drawings to work from ; and since the mass 
moment of inertia of a body depends upon the fifth power of the 
linear dimensions multiplied by the density of the material, and the 
geometrical moment of inertia of an area depends on the fourth power 
of the linear dimensions, a very small error in measurement will pro- 
duce a large error in the result. | 

However, when an armature is made, it is possible to determine its 
moment of inertia with considerable accuracy experimentally by means 
of a bi-filar suspension, the formula of which is easily worked out, and 
is simple to manipulate. See Appendix § VI. Another method which 
in some cases may be more practicable than the above is to support 
the armature horizontally by resting the ends of the shaft on horizontal 
rails. The armature may then be made to oscillate as a compound 
pendulum by attaching a known weight at a given distance from the 
axis, thereby bringing the centre of gravity of the whole out of the 
axis of the shaft. A third method is to support the armature so as 
to swing about an axis parallel to the axis of the shaft which is 
horizontal, the formula for the oscillations in this case being given 
in the Appendix § VII. 

The next quantity to be obtained is the moment of inertia of the 
reciprocating parts of the engine about the axis of the shaft. 

This will be found in § V. of the Appendix, where expressions are 
given for the moments of inertia in different cases, of engines with one 
crank, two cranks at 180° and at 90° and three cranks at 120°. 

The moments of inertia of the reciprocating parts of engines with 
other arrangements of cranks than those which have been enumerated 
can be worked out in exactly the same way. 

From these results it is seen that for the inertia of the engines on 
two cranks at right angles, and on three cranks at 120°, we can, for 
the purposes of calculation, substitute an equivalent fly-wheel whose 
rotary inertia is that given in the Appendix, and to which may be added 
the equivalent moment of inertia of the connecting rod due to its 
transverse displacement. See Appendix у V. Hence, we may consider 
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an engine coupled to a dynamo as a system consisting of merely a 
shaft carrying two masses at a certain interval apart. The same 
substitution can also be made for an engine driving two dynamos on 
one shaft. 

Here we are again met with another difficulty. At what point of 
the shaft are we to place the fly-wheel equivalent of the engine inertia? 

The best solution of this would most probably be to suppose it to 
have its place midway between the cranks in a two-crank engine, and 
in the centre of the middle crank for the three-crank engine. Hence, 
by obtaining the moments of inertia of the different masses on the 
shaft, and the fly-wheel equivalent for the inertia of the engine, and 
by making the necessary calculations of the stiffness of the lengths of 
shaft, we can get a rough idea of the length of the free period or 
periods of oscillation, for different systems. 

Owing to the fact that in an engine of one crank, or two cranks at 
180°, the moment of inertia of the reciprocating parts about the axis 
of the shaft is not constant throughout the revolution of the engine, 
only a very rough estimate can be made of the periods of oscillation 
by taking the mean moment of inertia of the reciprocating parts. 

Owing to the more recent tendencies in the design of combined 
plants, where there is only one dynamo coupled to the engine, the 
inertia of the engine being very small compared with the inertia of 
the rotating masses and the shaft connecting them being very short, 
the period of free oscillation will in most cases be very short, and not 
at all likely to synchronise with the beats of the engine. 

However, in plants where an engine is coupled to two dynamos, 
arranged either in tandem or on each end of the engine shaft, the 
engine inertia is much greater compared with the inertia of either of 
the dynamos than in the previous case, and usually this arrangement. 
involves the use of longer shafts, so that we are likely to find longer 
periods of free oscillation than before. This arrangement is analogous 
to that of the shaft carrying three masses, the solution of which is 
given in the Appendix § III., and to which reference has already been 
made. 

In this case also, in the event of either of the periods of free oscilla- 
tion, synchronising with the period of the variations of moment of 
the engine, it is very probable that a fracture will occur in some part 
of the shaft. 

There is an important point, to which no reference has been made 
in this paper so far. What is the effect of the superposed twist in the 
shaft, due to the fact that there is a resultant flow of momentum 
through the shaft, due to the turning moment of the engine being 
transmitted to the dynamo or dynamos as the case may be? The 
answer to this can be seen by referring to the equations of motion 
of the different systems given in the Appendix. It does not effect the 
period at all, but only alters the centre of oscillation. 

On the other hand, the friction of the engine pistons and valves 
and of the bearings, has a tendency slightly to lengthen the periods of 
the free motion. 

In the solutions given in the Appendix, no account has been taken 
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of the friction of the different systems in practical cases. But as the 
moment of the friction on the shaft is very small, compared with the 
couples with which we have been dealing, the resultant effect of friction 
will be very small. Morcover, as our calculations cannot pretend to 
be more than a guide, when applied to engines and dynamos, and as 
the determination of the friction would be very difficult, and as we 
should require to know the law which connects its magnitude at any 
instant with the velocity ; it is obviously inadvisable to complicate 
our calculations further by the introduction of this quantity. 

The type of solution obtained, when the friction is taken into account 
in the equations of motion, may be found on referring to any standard 
work on Differential Equations. 

The effect of the oscillations on the pistons of the steam engine 
will very much resemble the oscillations of the indicator piston which 
are often plainly seen on the indicator card. Here also the effect 
of the friction of the piston is negligible, being very small compared 
with the forces which produce the motion. Some excellent reproduc- 
tions of the indicator oscillations are shown in the well-known paper 
by Prof. Osborne Reynolds, F.R.S., and Dr. A. W. Brightmore, on 
the Steam Engine Indicator,.in the Proc. Inst. C. E., 1885. 

The next quantity to be determined is the period of the beats of 
the engine. By this is meant the period of the actual fluctuations in 
the steam turning moment of the engine. 

It may be seen, by plotting the curve of turning moment, due to 
the steam pressures only, that we may consider this moment as consisting 
of two parts :— 

(1) The mean turning moment, which is equal to the moment 
of the steady load on the engine. 

(2) An alternating moment, accelerating and retarding the engine ; 
these two effects being superposed. 

The latter of these two is the quantity which concerns us most ; 
as we have seen that the effect of the former is merely to change the 
centre of oscillation. | 

In а two-crank engine with the cranks set at 180”, there will be 
only two complete periods in one revolution of the engine. This is 
the same for both the single and double-acting engine. 

With two cranks set at right angles, there will be four complete 
periods in a revolution, for the double-acting engine. 

In a three-crank engine with the cranks set at 120°, there will be 
three complete periods in a revolution for the single-acting engine, 
and six for the double-acting engine. This is the state of things in 
engines, respectively of the Willans & Belliss types. From what has 
just been said, it appears very improbable that there is any risk of 
synchronism or of large forced amplitudes in the case of an engine 
having two cranks at 180°, owing to the low frequency of the engine 
beats. This is fortunate, as we have seen that the problem is a difficult 
one for the application of calculation on account of the very varying 
rotary inertia of the engine. 

We have indicated in $5 I., II., and IV. of the Appendix the method 
by which the forced amplitude may be obtained. In the case of the 
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shaft carrying three masses, the quantity (F, — Е,) gives the maximum 
twist between the masses (M, and М.) and the quantity (F,— F), 
which differs from (Е, — F,) only in the numerator, gives the maximum 
twist between M, and M, due to the forcing of the oscillations. 

In conclusion, we would point out that it is impossible in a paper 
of this kind to enumerate all the different arrangements of armatures 
and fly-wheels on engine shafts, which are adopted in modern practice ; 
but, on the other hand, we have indicated methods, and given formule, 
which we trust will be applicable in some measure to most of the more 
usual arrangements of combined plants. 

Here, again, we must remind the reader that our object has not been 
to show how to calculate the periods of free motion of the different 
systems with minute accuracy, as this is an impossibility. Calculations 
of this nature can only be regarded as a guide, and, in consequence, 
we recommend that in the design of plants these calculations should 
be applied to the shafts ; and, in the event of the results giving periods 
of at all the same magnitude as the period of the engine beats, that the 
shafts should be properly stiffened until all chance of synchronism 
is out of the question, ahd the forced amplitudes, which it must be 
remembered, exist under all conditions, become sufficiently small to 
produce no injurious effects. The method of calculating the magnitude 
of the variations in stress, and of the total stresses induced in the shaft 
due to torsion, is shown in Nos. (8) and (9) of $ IV. in the Appendix. As 
is well known, we may here draw attention to the fact that, as the forced 
oscillations produce alternations in the stresses in the material of the 
shaft, the ultimate strength of the material is thereby considerably 
reduced, and consequently the factor of safety employed must be 
increased. It is most probable that in nine cases out of ten the 
possibility of synchronism will only appear in high-speed sets, and 
the majority of these in plants where an engine is coupled. to. two 
dynamos, though in some instances of an engine driving one dynamo, 
where the fly-wheel is separated froin the armature by a bearing, it is 
likely that the oscillation will have a comparatively long period. 

For another type of shaft oscillation we would refer to the paper 
by Prof. Dunkerley, in the Phil. Trans. Roy. Soc., Section A., 1894, 
on the centrifugal * Whirling of Shafts," where the calculation of the 
transverse oscillations is involved. The numerous experiments there 
described were made at Owens College, Manchester, and are of 
interest where the unsupported lengths of shaft are great. In most 
modern arrangements of engines and dynamos, however, the shafts 
are laterally very stiff and the lengths short, and it is very doubtful if 
such oscillations ever occurred in these instances. 

There is one other point which may occur to the reader, which it 
may be well to mention here. In the case of an engine driving two 
dynamos, which part of the shaft is most likely to fracture? That is 
to say, which part is to be strengthened most, with the object of 
avoiding all chance of synchronism ? | 

The quantities (Е, — Е,) and (F, — F;) in $ IV. of the Appendix 
would serve as a guide in this ; but it is very doubtful whether the 
results of calculation are sufficiently accurate for this purpose. 
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APPENDIX. 


SOLUTIONS OF PROBLEMS IN TORSIONAL OSCILLATIONS 
OF VARIOUS SYSTEMS OF SHAFTS AND ATTACHED 
MASSES. 


First to obtain the necessary relation between the angle of twist of 
a length of shaft, and the couple producing it. 


Let / = length of shaft. 
ә I= moment of inertia of section of shaft. 
» 0--angle of twist of the whole length “ 1". 
„ 2r== diameter of shaft. 
» J= maximum shearing stress. 
» С = modulus of rigidity for material of shaft. 
Now if m = twisting couple, we have— 


C 1 5 


Hence if 0 == the unit of circular measure, i.e, one radian, we see that 
the quantity - is the moment of the couple necessary to twist the 


length of shaft through unit angle. 

This result may easily be extended to a length of shaft where the 
diameter is not constant, 1.е., a shaft made up of lengths of different 
diameters. 

For if the shaft consists of lengths J,, /,, . . . etc., of diameters 27,, 
25. elc. 


We have— 
9. = сг: т 
9, = ст т.... etc. 
.7. total angle of twist == 0, + 0, 4-0, . . . etc. 
=< Пар ++ ete "EN | — = (1) 
m= С 0 


Hence the couple necessary to twist any length of shaft through unit 
angle is given by— 


n, == 


Hence also m = 0. m, 
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(1.) Solution of the equations of motion for а shaft supported іп 
bearings, fixed at one end and carrying a fly-wheel at the other end 
which is free. 


M 


P 


2 


r 


, 


Let M = moment of inertia of fly-wheel. 
» m,-couple required to twist the shaft through unit angle. 
If m = twisting couple at any instant, wé have :— 


d? 0 
Ms + т=0 


а 0 
Мор +m,.0=0 ооа dh Se ДЇ) 


The solution of this is easily shown to be— 
@ = а cos ( M) 2 а) 


Hence the motion has one period which is given by— 


Toon М 
m, 


where m, may be calculated as above. 


If an extraneous periodic couple acts upon the mass M, whose period 


is = and whose maximum value is P ; the equation of motion takes the 


following form— 
MT? + m,0 =P cos A, 


d*0 ",, Р 
ae t+ М 9 = ом M. oc Me Ae an ue ue С), 


The particular integral of this, which gives the forced motion, is 
obtained by making the substitution— 
@=FcosA!i+GsinrAf . . . . . . . (4) 


On substituting in (3) and equating coefficients of cos А / and sin Af 
respectively we obtain— 
G=0, 
and— 


“ай ата 
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Hence the particular solution is— 


Sgm А. а ан. “ty Ы pee ade 10) 


the complete solution of (3) being the sum of the two solutions (2) 
and (6). 


The solution (6), however, fails when X? = M ; in this case the 


proper substitution is— 


0=QisinAt. ux ox wo #47) 
On substituting in (3) we get— 
RM 5. 
2= aM 
Hence— 
P , 

= S uh. nich Ой ^u Wed 
0 sx Sn M (8) 


This is the solution for the case of synchronism, and shows that 
the amplitude increases indefinitely with the time. 


— 


(II.) Solution of the equations of motion for a shaft supported in 
M M bearings, and carrying masses at each 
/ > епі; the whole being free to rotate. 
As before, let M, and M, be the 
moments of inertia of the masses. 
Let m, be the couple necessary to 
twist the shaft through unit angle. 
Let m be the twisting couple at 
any instant. Let 0, and 0, be the 
angular displacements relative to 
some fixed direction, there being no aggregate rotation of the system. 
Hence the equations of the.“ free" motion are— 


d? 0, = 
M: == т == 0 = 
І 
d? 0, __ 
М, => + т==о 
l.c. 
d*Q, T. qi 
г. Ere crime] 
у · (2) 


ө, т, - 
"e + MU өд=о | 


Hence subtracting these equations :— 


d,(0, — 6.) МЕ І І 25. 
E + (6, 6) т, (у) жо boxe we 242212) 
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The solution of which is— 


(6, — 6) = cos (Imc sr) tte · . (4) 


Hence the motion has but one period, which is given by— 
т MM 

T= 5 соса. 

„У m М, М, 


If ап extraneous periodic couple acts upon the mass M,, whose 


. . 2 Ж . • e . 
period is Pu and whose maximum value is P, the equations of motion 


take the following form :— 
т. a 
41° 
19. m, 
di + M, 
Hence, as before, by subtracting the first from the second of these 
two equations we get— 


d? (0, — 6.) = I IY. P ,. 
em + (6, в). mo (st + уг) = у 0M - . (6) 


m, ы 
М, (9--06)5-0 
(5) 


(0, — ©.) = ур соз Al 


The particular solution of this, which gives the forced motion, 1s 
obtained as in $ I., giving— 


P 
созА! . . . . . (7) 


6-Ф--- MM 
i" Gr. *u)-*l 
the complete solution of (6) being the sum of the solutions (4) and (7). 


— M — M —— 


As before, for the case of synchronism we get— 


6, — 0, = - P 
2 


sae i sin M (8) 


From (7) we see that, if ү be the angle of twist necessary to just 
overstrain the shaft, then for all periods of the extraneous couple 
between the two values (supposing P to be constant), for which— 


P 


РОГ он... ое 


ir tu) 7] 


the amplitudes of the forced oscillation will be sufficient to overstrain 
the shaft. 
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(III.) Solution of the equations of motion for a shaft supported in 
bearings, and carrying three masses at fixed intervals of its length ; the 
whole being free to rotate. 


М, 


Let the moments of inertia of the masses Бе М, M, and М.. 

Let m,, be the couple required to twist the length between M, and 
M, through unit angle. 

Let m,, be the couple required to twist the length between M, and 
M, through unit angle. 

Now the equations of the free motion of the system are— 


азд 
M, — 
dt? 


—m,=0 


(13 0, 
М, di 


а? 


-т,+-т=0ођ . ....... (1) 


M,- ^. +m,=0 
Where m, and m, are the simultaneous twisting couples in the two 
intervals of shaft at any instant ; and 0, 6, and 6, are the angles of dis- 
placement of the masses measured relatively to some fixed direction ; 
there being no aggregate rotation of the system. 

Now putting т, = (0, — 0.) т, 

"m, = (0, — Ө.) те | е 

and dividing out by M, M, and M, the equations (1) become— 


Ө, т. (о _ 9.) — 

n +H = (9, Өз) = о | 

2g но. 6) + "е а (0, 6) о... . · 0) 
m М9 mo 


These are Шай Linear Equations of the Second Order, апа 
may be solved as follows :— 


Assume 0, = a cos (nl + е) 


0, = В cos (nt + e) 
0, == y cos (nl + e) 
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Substitute these in the equations (2), and divide out by cos (пі + e) 
On re-arranging the terms we get— 
a. (m — er) + В CM. + y.020 
ти ог 
ч (3) 


Acte (м) 


a.0+ B. y. (v — 
3 


These three equations determine the ratios 2 P апа не, 
Y 
To obtain the values of s", eliminate a, 8, and у; this gives the 


equation— 
з m, т, | == о . . • (4) 
n "AA C. ha? о, 
М, М, | 
та І т 
М. n? М. (та + Теа), М 
m m 
о ae n? — 7 
| М, М, 


It will be noticed here that, by adding the columns together, n? is a 
Also by replacing the middle column by the sum of the last 


factor. 
two columns, the determinant becomes— 
n? Mo =o... . (5) 
I, М? О 
i (v 16) Mo 
, M,/’ M, 
п? п? та 
: M, 


On multiplying out this determinant, we get the following cubic 


equation in n?, of which one root is zero :— 
I 


4 — рај То то 2) (; І І 
и — (Te +e tae t wo) tae + wo, УМ, 
= 0. 


That is n? == 0 or— 
sn? aa a ) = A | 
ni—n i та (^w + Mo M; ^y.) 
( 1 I I | 
Жонатан на т ue =o . . (6 
мм, * M,M, * ММ; (6) 
Hence if n, and 5; аге the roots of this equation, we see that the 


motion has two periods only, which are given by— 


4 _ 27 У 27 
T, = "and T, (7) 
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Put 
A=] ma Getz) * (at + ae) d 
I 


B= 91 o2 кеи зет af wu} 
ee {wore + ион, wow 


and 


Then n, and л, are given by— 


n,? I I 
„1; =-А-+ - 2.. Sa m ЈЕ us 
па | fast А 4B (8) 
Consider now the two quantities— 
I ү "M 
maly ty) = p?(say) 
I IY | 
tha г ^w) = Ф (say) 
Since л,? and n; are the roots of (6) 


ny + па =p? + 4 
also 
I I I I 
M,M,tM,M,t M;M, * Mz | 
"папа «fq. 
Hence f? and g? lie, in magnitude, between the values of т, and n. 


Hence one period of the motion is greater than the greatest of the 


two quantities 27, 27 and the other period is less than the least of 


P E = Mo Mo: i 


these quantities. 

Hence the two periods of the system lie, in magnitude, outside the 
periods of the two mono-periodic systems :— 

(1) composed of the masses M, and M, and the length of shaft 


between them, whose period is ?7 and 


(2) composed of the masses М, and М, and the length of shaft 


between them, whose period is v 


The complete solution of the equations of the * free" motion is— 
0, = а, COS (n L + ғ.) + а, cos (n, L + ы) + a, cos e, 
0, = 8, cos (n, L + e) + 8, cos (nat + ea) -F8,cose - .. . · · (9) 
0, = у, COS (tt, d + 6) + у, cos (1, E + е.) + уз COS s, 


This solution contains the 12 constant quantities :— 


а,, а, ау |3, Ba Әу Yo Yo Ур to t» Ey 

But the ratios 46 4: 9, B. Ba B, are given by cquations (3), 
| r В. Вз Yi Ys Ys 

on substituting the different values of л. 


Hence finally the solution contains only б arbitrary constants. 
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(ІУ.) The equations of motion for the above system, when ап 


А А . ‚_ 2 
extraneous periodic couple acts upon the mass M,, whose period is > 


and whose maximum value is P ; take from the following form :— 


Te + ме — 6) = È- сова. 

ағ0, т, = 

dE + мо (6 — 9) + м” 9) = 20.2. Q) 
d* 6, 


mo = 
dl? ds vas = (8; 0.) =0 


The particular лер of these may be obtained by making the 
substitution— 


6, = Е, cos A t + С, віпА? 
0, = F, cos A + G,sinAt 


0, = Е, cosA t + С, sin Af 
#2 ake ж ЩО) 


On equating coefficients of cos А £ and sin А £, we get 6 equations, from 
which we see that— 
G,=G,=G,=0 


and F,, F,and F, are given by the 3 equations— 


2 та MEE "ME 3 
—F,A + м E Е.) = qr 
В (ЕВ) Фр, В)=ор. · +. (3) 


—F, NW (F,— Е,)=0 


from which we obtain— 


Д-т, E | 
Е, Е, LT y ar v : 
e LT ae ELLE м.) } 
(4) 
P Ma 
"HT es M, M, 
mec [vom i) FE nec | 
2 2 3 
(5) 


These give the maximum twist in each length of shaft due to the 
forced oscillations. 

The complete solution of the equations (1), consists of the solution 
(2) together with the solution for the “free” motion given in $ III. 

The “particular " solution given in (2), however, breaks down in the 
event of synchronism. In this case it can be shown that the amplitude 
increases indefinitely with the time. 
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By an exactly similar process, if an extraneous periodic couple 


acts upon the mass M,, we get the following values for (F, — Е.) 
and (F,— F,)— 


aa fxe ma (sh + ac) vm Ge 2 
ы ЗЫ, её. зе 20.27 


As in the end of § IL, if we know the angles of twist necessary to 
overstrain the lengths of shafting, then for any given value of P we 
can find the range of values of A, which will give forced amplitudes 
sufficient to overstrain the shaft. Another point of interest in the 
above results is that the ratio (F,—F.) : (Е, — Е,) in both cases 
is independent of the rotary inertia of the mass upon which the 
extraneous periodic couple acts, and is also independent of the magni- 
tude of this couple. 

From the results (4), (5), (6) and (7) given above, and from (7) of 
§ II., we see that the total twist іп a length of shaft, between any two 
consecutive masses, due to torsional oscillation, is of the form— 


0a — 0 = Ра созх! . . . . . . . . (8) 


where G is a constant depending on the speed of the engine, and on 
the general configuration of the system of shaft and attached masses ; 
and P is the. maximum deviation of the part of the steam turning- 
moment of the engine which is transmitted by the shaft, from its 
mean value. 

Now, if H = mean turning-moment transmitted by the shaft, and 
m, == couple necessary to twist the length of shaft through unit 


angle, then the twist due to the mean turning-moment is =, and the 


maximum twist due to oscillation is PG. Hence the total twist in 
the shaft due to both these causes, varies continually between— 


H 
m, 


EPG uou ә 1ш ж» VAG) 


Hence the maximum twisting couple induced in the shaft is— 
H+PGm,, 


from which, the maximum stress in the shaft due to torsion can be 
calculated in the ordinary way. 
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(V.) Determination of the moment of inertia of the reciprocating 
parts of an engine, about the axis of the shaft. 
Let z= length of crank. 
» 0--angle between the crank and line of centres at any instant. 
» W= weight of reciprocating parts in pounds. 
», M =required moment of inertia. 
Then neglecting the obliquity of the connecting rod we have— 


М = У ара д = 1 Wr (1 — cos 20). 
Е 2 g | 


Hence for a single-crank engine, the moment of inertia varies 


between o, and Wy, in a revolution, the mean value being vr 


For two cranks at 180°, carrying reciprocating weights W, and W,, 
the moment of inertia of the reciprocating parts is— 


У а шала 
М = ae cos 20) (ХУ, + W3) 


which varies between o and 5 (W, + W,) in a revolution. 
The mean value being— 
уз 
7 (W, + W3) 


For two cranks at right angles— 
== f w, + W.) — cos 20 . (W, — W.) | 


Hence if W, = W, 
M = Wir 
& 


which is constant throughout the revolution of the engine. 

In a similar way it can be shown that, for an engine with three 
cranks at 120°, if the weights on all three cranks are equal, the moment 
of inertia is constant throughout a revolution of the engine, and is given 
by— 


2 g 


where W is the weight on each crank. 


To find the moment of inertia equivalent about the axis of the shaft, 
for the transverse displacement of the connecting rod. 

Let І = moment of inertia of connecting rod about the cross-head 
pin. 
Let W' be the equivalent mass in pounds on the crank pin, due to 
the /ransverse displacement of the rod only. 
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If / = length of connecting rod, we have— 


ju 
5 

w' [r 

. FE сво E 


Hence if r is length of crank, and 0 the angle between the crank 
and line of centres, the equivalent moment of inertia “ M" for one crank 
is— 

M => . F cos’ = A ; "(1 + cos 20). 
Hence as before, with two cranks at 9o? or three cranks at 120°; with 
similar connecting rods on each crank, this quantity becomes constant 


throughout a revolution. 


(VI.) To determine the moment of inertia of an armature by means 
of a bifilar suspension. 

Let the armature be suspended with its axis vertical, from two 
diametrically opposite points, equidistant from the axis, by two parallel 
wires or cables. 

Let /= length of each cable, and 2а = distance between them. 

» W = weight of armature in pounds. 

Then if 0 is the angle of rotation of the armature from its position 
of equilibrium ; and if ф is the corresponding angle which the cables 
make with the vertical. 

If T’ = tension in each горе, 


“апа when 0 is small 


за T sing = 278 T= W. 


Hence for a small oscillation— 
У k? 26 ШУ W zo 


eg. deri 
where А is radius of gyration. 
. dO yd £o 
„лет ие о 
.*. period is— 
Т =2r om 
& a 
from which 
pul. 5а 
а” 1 


(VII.) Another method of determining the moment of inertia of an 
armature is to support it with its axis horizontal in such a manner that 
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it can swing about an axis, parallel to its axis of rotation, the period in 
this case being given by— 
— € Vis Ih? Ё, +h 


= 5 
р= heh, 


from which— 


where ) = distance of the fixed axis from the axis of the shaft. 


(VIII. Note on the dimensions of the quantities involved in the 
above solutions. 

If T denotes time in seconds, and L denotes length in feet, and if 
W denotes weight in pounds, “ 2" is an acceleration and is therefore 
of the dimensions— 


(L) 
(т) 


“M” is a moment of inertia, and is therefore of the dimensions— 
OD x (Ly = (W) x (TY x (D). 
“С” which i is force in — weight per sq. ft. is of the dimensions— 


(W) 
(LF 


Hence the expression for a period which is of the same dimensions 


as the quantity— 
I l 
Je . r^ . M. 


E (p. x (W) x (Ту x (L) 
= „(Ту = (т) 
that is, it isa “ time.” 


These are points to be carefully observed in the manipulation of the 
formulz. 


is of the dimensions— 


(IX.) Numerical example giving the periods of free oscillation for 
a three-crank single-acting engine, driving two dynamos in tandem 
on the same shaft. This case has been chosen as it involves the use 
of the formulz of § III., and will also serve to illustrate the method 
of applying calculation to the simpler formula of $ II. 
To avoid confusion, the units employed are those indicated above, 
and are as follows :— 
The unit of length is one foot. 
» » » Mass 15 “g” times one pound. 
» » » time is one second. 
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Using the symbols of 3 III., 
let M, == moment of inertia of engine about the shaft. 
М,= , " 5% first armature and flywheel. 
М, = т Р 5 second armature. 
M, is calculated as in $ V., from which we get— 
М, = зо іп pounds x (feet)? — 2, 
also M, = 680 5 
M, — 200 Р 
The quantities m,, апа та, which are the measures of the stiff- 
nesses of the lengths of shaft between M, and M,, and M, and M, 
respectively, are calculated as in the beginning of this Appendix, the 
value of C being taken as = 1°75 X 10? pounds per square foot. From 
which we get— 
та = 4'6 x 10° feet-pounds. 
Moz = ‘92 X 10° " 


Hence from $ HI.— 
А = i та (ut + x) F Mo (уг. i x) | 
= по f 46 (5 + aa) tot 5) | 
— тоё | ‘160 + сооб | 319 ы 


- В = ot Тог | I ELT _1 m | 
Mo Mo VAM, T M, M, ^ M, M, 


= Io" “б . EN M du m si 
xd e а Eo + 1 36,000 T 6000 
= 10” X 4234 "000049 + “00000735 + "0001685 | 


= 10° X 4:23 X 222'8 = 10° X 944 


= 10° | 083 + '076 | 


n? = 10° X e 


n? = 10° X ‘007 

n, == 103 X '4 == 400 nearly 

n. == IŒ X '0838 = 838 nearly | 

T, E = Es = '015 of a second 


T, = и = = '075 of a second 
ә 
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Now, the speed of the engine is 320 revolutions per minute, and, 
being of the three-crank single-acting type, the variations in turning 
moment all go through three complete periods in a revolution. Hence 
the period of the variations in turning moment is :— 


бо _ 6 _ ‘062 of a second, where 
3N 320 X 3 


М = revolutions per minute. 


Hence it is obvious that the period of the fluctuations in turning 
moment is a little shorter than T,, but is considerably greater than 
Т. Hence, if the engine were to run at about 267 revolutions per 
minute for any length of time, there would be considerable risk of 
damage occurring to the shaft or keys by which the rotating masses 
are attached ; as this is the speed at which the period of the fluctua- 
tions in turning moment is about equal to Т,. 


Vor. 81, | 44 
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NEWCASTLE LOCAL SECTION. 


ELECTRIC CAR EQUIPMENTS AND THEIR 
MAINTENANCE. 


Abstract of a Paper read at Meeting of December 16, 1901. 
By A. W. WIGRAM, Associate. 


CaR EQUIPMENT. 


Single Trucks.—The weak point in the design is the poor support 
given to the car body at the ends, but this is easily overcome by fitting 
cantilever extension pieces. These will greatly steady the car when 
running, and will effectually prevent the body from sagging. The 
disadvantage of the type is length of the overhang of body and 
plattorm compared to the wheel base, which causes the car to take 
points badly, though the fault is mainly in the track, the point tongue 
being usually too blunt and coming off at too sharp an angle. 

Maximum Traction Trucks will give trouble by uneven wearing of 
. the body supports, unless means are taken to compel the trucks always 
to swivel round a definite fixed point. It is very difficult to adjust 
the brakes properly, and on hilly lines or in urban work with many 
stops the driving wheels are soon worn away by slipping. 

Brakes.—The ordinary hand brake leaves little to be desired for light 
cars, though the application of the power by a direct pull bends the 
platform. Some other method of simple gearing should be adopted 
whereby the strain is as far as possible confined to the truck. Many 
cars are sent out with flat S release springs, incapable of adjustment. 
This is a great mistake. The whole brake system is a quadrilateral 
suspended by four links at the corners, and frec to move, to a limited 
extent, along the diagonals. Consequently, as one spring is sure to be 
stronger or one link stiffer than the rest, the whole system is pulled out 
of -square, so that two brake blocks at opposite corners are continually 
rubbing on the wheels. The best form is a helical spring about 8 in. 
long, having an extension of т in. for бо lb. to 80 Ib. and § in. adjusting 
bolts. If the brake system is kept properly free a very slight tension 
in the springs will suffice, the blocks almost falling off by gravity. They 
sometimes stick when nearly worn down from the binding of the rag 
on to the flange of the wheel. But it is not reallv necessary to have a 
keep of any sort on the brake block to bite on the flange. The tread is 
quite flat and the distance between the blocks is firmly fixed, so there 
is no danger of their being forced outwards. Steel-tyred wheels are an 
exception to this, as the flange will soon become disproportionatelv 
large if the brake block does not rub on it. 

Air Brakes are of no use on urban cars. They are too constantly in 
use, and are a fruitful source of flat wheels through the carelessness of 
motormen, 


1901.] AND THEIR MAINTENANCE, 669 


Slipper Brakes should always be fitted to cars running on gradients 
steeper than 1 in 12 or 15, where there is much traffic coming out of 
macadamised side streets. The wood blocks bite well on the rail, and 
can be adjusted to keep the car going down the gradient at a steady 
pace, the ordinary hand brake being used for stops. 

Rheostatic brakes are condemned on account of the extra work 
thrown thereby on motors and resistances, the whole strain falling on 
the most expensive part of the equipment. Every car should, however, 
be fitted with an emergency brake, by which the motors can be reversed 
and short circuited ; but there must be no intermediate notches, or the 
motorman will use this brake for service stops as well. 

Electromagnetic Brakes come under a very different category to 
rheostatic. Here the braking effect is not by а large current, but by 
the large magnetising effect produced by a small current. The brake 
may cither pull the ordinary brake blocks on to the wheels, or act by 
eddy currents or actual frictional contact on a special disc. But if a 
car is fitted with hand, slipper, and electric emergency brake, no other 
is necessary, no other being as good as each of these is in its own 
province. 

Sanding gear is generally unsatisfactory, though it is difficult to 
overestimate the importance of this part of the equipment. What is 
wanted is a continuous and copious stream of sand directed to the 
proper place. There is an impression that it is only in greasy weather 
that trouble may be expected. But this is not so. The track can get 
very bad in a long drqught—so bad, indeed, that a car running at eight 
or ten miles per hour will slide on practically unchecked for тоо or even 
150 yards when the emergency brake is applied without sand, the 
wheels being almost locked. The ordinary hand brake is far more 
successful than a magnetic or rheostatic brake both under these 
conditions and in ordinary slippery weather, probably because it cleans 
the greasy film off the wheels. The position of the sand pedal should 
be selected carefully so as not to interfere with the motorman's control 
of the brake while sand is being applied ; for, unless the brake handle 
is kept in the hand and the pressure cased from time to time, there is a 
great likelihood of the wheels skidding for long distances ; and to work 
the brake thus it is necessary that the motorman's weight should be on 
his right foot, his left being free. The pumping of sand is a continuous 
business, and should be put to the free foot and the gong pedal to the 
right, for that is a momentary operation, not often required, and it can 
be done without the motorman shifting his weight. 

Ventilation.—Ventilation of the interior is a much neglected detail. 
The small clerestory windows, even when all can be opened, are not 
sufficient, and ventilators in the doors make bad draughts if they are 
large enough to do any good. Four or six of the clerestory windows 
should be removed, and air extractors—of which there are several good 
types—should be substituted. All but two of these should be fitted with 
cut-off grids. Two should be left without them, for it is well to have а. 
little compulsory ventilation. The others can be opened or shut according 
to the season and the number of passengers, 
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MOTOR EQUIPMENT. 


Trolley Wheels.—If the ordinary V type of groove be used the wheel 
will run very smoothly on the wire, but will give a severe blow at the 
ears, where the diameter is increased by about 80 per cent. In the 
course of time the shock diminishes, but not without leaving its mark 
on the overhead work. Where the car is taking a heavy current the 
sparking is sufficient to burn away most of the sharp corners ; but on 
the level or on a down gradient the ear is partly forced up from the 
wire, and partly worn away. If the wheel groove be made wide enough 
to take in the ears without shock, it runs noisily and unsteadily on the 
wire. The best form is a wide groove, with a shallow depression in 
it, equal to the diameter of the trolley wire and about half its depth. 
Graphite bushings should be oiled frequently ; thus their life will be 
increased by about 4o per cent. Trolley wheels with grease or oil 
lubrication will run for long periods without attention, but so important 
a part of the equipment should have nightly examination. 

Trolley Standards.—It is necessary that a trolley standard that is to 
run under all conditions should fulfil the two following requirements : 
(1) that the tension at the trolley head should be nearly constant, 
whatever the height of the wire; (2) that the trolley should swivel 
easily. To No. 1 may be added this: that the tension shall not 
decrease when the trolley head is at its lowest point. "This is espe- 
cially necessary in trolley standards for single-deck cars, for these 
' frequently run under conditions where there is a range of 8 ft. in the 
height of the trolley wire, and if the head is sluggish in rising, it may 
give trouble by leaving the line, especially if there is a wide side reach. 
For No. 2 the standard must work on ball bearings, and arrangements 
must be made for lubricating the ball races. Standards with plain 
bearings give trouble on sharp curves which are taken with too few 
pull-off's. Easy means of adjusting the tension are necessary, also an 
adjustable stop for limiting the possible rise of the trolley head. Com- 
pactness is not so essential for single-deck cars, though it may be 
necessary in some special cases to limit the height of the standard 
when the boom is horizontal to 12 in. or 14 in., but it is very desirable 
on double deckers, especially when the trolley is placed centrally. It 
is well to fasten the trolley head lightly to the boom, so that in case of 
accident it is easily pulled off, without damaging standard or overhead 
work. The hood of the standard should be made slightly larger than 
it usually is at present, to permit the connection between the trolley 
cable and the car wiring to be made there instead of at the base. A 
door about 4 ins. by 6 ins. should be provided so that the connector 
can be got at for fastening and insulating. There need be no hinges— 
the door may be let in flush with the rest of the metal and kept in 
place by four } inch counter-sunk set screws centred on the join. 
This arrangement will make it possible to change the boom or refasten 
trolley head and cable without lifting the whole standard. Care should 
be taken to insulate the boom well from the standard, and the standard 
itself shou'd be earthed through two leakage lamps in series, one at each 
end of the car. 

The method of fastening the trolley standard to the roof of double- 
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deck cars is rather primitive. The trolley plank, though it extends the 
whole length of the roof, and is screwed to every rafter, is usually only 
the same width as the base of the standard. It does very well when 
the trolley wire is always over the standard, but it is not a strong 
enough fastening when there is a wide side reach, especially if the 
trolley wire is at all slack. After some months’ running under these 
conditions the screws begin to draw, and the standard and plank begin 
to sway. Then the white lead round it cracks and water finds its way 
down inside the roof. To prevent this, three or four strong irons, 
3 ft. or 4 ft. long, should be screwed to the trolley plank and to the 
roof ribs, two perhaps under the base of the standard if the rafters will 
admit them, and two fore and aft of it. These offer no obstruction if 
they are made the same size as the wood strips on the roof of the car, 
and give the standard a firm fastening in every direction. 

Car Wiring.—Bunching all the leads together in a cable hose is 
undesirable, and tee’d joints should be avoided. The leads may be 
looped, but they are inconveniently large unless they are paralleled at 
the controllers by a third wire, which causes a serious increase 
in the number of the leads. A system of many-cored cables is the 
best, all the leads in the same cable being braided in different colours. 
Where a tapping is required the cable should be cut and the ends 
sweated into the terminals of a connecting-box. Resistance leads are 
best looped, cables from both controllers coming up direct to the 
binding posts, which should be made a little longer for this purpose. 
The best place for the resistances is inside the car, under the seats. A 
sheet of asbestos laid over them will be quite sufficient to protect the 
seat from the heat, unless they are used for braking or speed regulation 
as well as starting. Then other means will be necessary for removing 
the heated air—such as an air extractor to suck it out through the 
double casement for the sliding door—or it can be used for heating 
the car. 

Brush springs should be designed to give a more even pressure 
throughout their whole range, and should have plain ends, where they 
bear on the top of the brush. The continued pressure on a semi- 
circular end is apt to cause it to spread, so that it fouls the brush- 
holder as the brush wears down. The result is a loose brush, with 
sparking at the commutator and between brush and holder, frequently 
flashing over to the motor casing. 

Inspection doors should be made of ample size, not only over the 
commutator but also in the lower half of the motor casing, to allow 
easy admittance for a long gauge to test the clearance between the 
armature and the lower pole pieces. Efficient drainage apertures 
should be made underneath the armature bearings, to insure that no 
waste grease or oil will find its way down inside the motor casing or on 
to the commutator. 
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NOTE ON AN OBSERVED EFFECT OF LIGHTNING 
DISCHARGE ON BIRDS IN MID-AIR. 


Communicated by Mr. LEONARD JOSEPH to, and reported by, 
W. LaANGDON, President. 


An interesting communication has been received from Mr. Leonard 
Joseph, A. M.I.E.E., who, writing from Zechliner Hütte, bei Rheinsberg 
i.d. Mark, on the 15th of December, 1901, relates that on the 9th of that 
month during a heavy storm, accompanied by thunder and lightning, 
a wild goose fell through the air and with a thud buried itself fairly 
deep in the sand. 

On the abatement of the storm, at a distance of approximately a 
kilometre from the point at which the bird above referred to was 
picked up, another dead wild goose was found. 

Ona careful examination of the two birds, it was found that the only 
wounds upon them were “a narrow but direct opening about 3 c.m. 
long" on the back of the neck of the first found bird, and a small 
puncture “аға point where the neck joins the body” on the second 
bird. 

Excepting in the immediate neighbourhood of these wounds the 
bodies and feathers of the birds were uninjured. The feathers at these 
points appeared and smelt singed. Both birds proved perfectly fit for 
the table. 

During the storm five flashes of lightning only were observed. 
Judged by the position in which the birds were found, Mr. Joseph is 
of opinion their flight was in opposite directions, the wounds in each 
instance being instantaneously fatal. 
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The Three Hundred and Seventy-second Ordinary General 
Meeting of the Institution was held at the Institution 
of Civil Engineers, Great George Street, Westininster, on 
Thursday evening, February 13th, 1902—Mr. R. KAYE 
GRAY, Vice-President, in the Chair. 


The minutes of the Ordinary General Meeting held on January 
23rd, 1902, were read and confirmed. 


The names of new candidates for election into the Institution were 
announced, and it was ordered that their names should be suspended. 


The following transfers were announced as having been approved 
by the Council :— 


From the class of Associate Members to that of Members :— 


Ivon Braby. 
Percival John Pringle. 
Mark Ruddle. 


From the class of Associates to that of Members :— 
William Thom. 


From the class of Associates to that of Associate Members :— 


Arthur Armitage. Thos. Morland Colson. 
Edward Arthur Barker. Frederick Robert Connell. 
Malcolm Henry Butcher. Harry Richmond Mott. 
Walter Claypoole. | Edward J. Saner. 


From the class of Students to that of Associates :— 


Vero Marshall Allen. Hammond L. E. Kennard. 
R. F. P. Blennerhassett. | Wm. Mackintosh. 
John Geo. Bruce. | W'm. Turner Marsden. 
John Campbell Callander. | Edward D. Morgan. 
Frederick H. Clough. | Chas. Ernest Newton. 
Thos. C. Cunningham. Ayton Herbert Rcad. 
Robert Grigg. Wm. Spencer. 
Herbert B. Johnson. Geo. Stamp Taylor. 
Chas. Win. Wood. 
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Messfs. Claypoole and J. T. Morris were appointed scrutineers of 
the ballot for the election of new members. 


Donations to the Library were announced as having been received 
from Section VIII. (Gas) International Engineering Congress, Glasgow ; 
The Ministry of Commerce, Paris; and Messrs. A. Heyland and F. C. 
Raphael; to the Building Fund from Messrs. H.G. Andrews, W. J. Bishop, 
S. L. Brunton, H. C. Channon, E. Coates, R. F. Fuller, W. McGeoch, 
M. M. Gillespie, J. Kynoch, A. P. Pyne, S. C. Smith ; and to the Benevolent 
Fund from Messrs. W. J. Bishop, M. M. Gillespie, C. C. Paterson, A. 
Sommerville, F. H. Webb, to whom the thanks of the meeting were 
duly accorded. 


t 


The CHAIRMAN : I have now very much pleasure in asking Professor 
Barrett to read the paper which he has been good enough to prepare 
for our acceptance. I may mention, in asking him to do so, that he has, 
at very considerable inconvenience to himself, come from the sister 
island to lay his views before us, and I am sure we are very much 
indebted to him for it. 


RESEARCHES ON THE ELECTRICAL CONDUC- 
TIVITY AND MAGNETIC PROPERTIES OF 
UPWARDS OF ONE HUNDRED DIFFERENT 
ALLOYS OF IRON. 


By W. F. BARRETT, F.R.S. Member, Prof. of Physics, 
Royal College of Science for Ireland and W. BROWN, 
B.Sc., Assoc. Member, Assistant Physicist in the same 
College, and R. A. HADFIELD, M.Inst.C.E., Managing 
Director, Hecla Steel Works. 


INTRODUCTION. 


For several years past the authors have been engaged 
in the investigation of the physical properties of an extensive 
and unique series of alloys of iron prepared with great 
care at the Hecla Steel Works, Sheffeld.: 

In the preparation of these specimens a great variety 
of different alloys of iron were made and cast into ingots. 
Many of these ingots, after examination, were rejected owing 
to the diffculty of getting good castings or the impossibility 
of forging and then rolling the specimens.? 


* See Scientific Transactions of the Royal Dublin Society, Jar 1900, 
vol. vii. series 2, part 4 ; joint paper by Barrett, Brown, and Hadfield. 

з Several of the castings were planed, and where preliminary tests of 
conductivity made by us showed that they were not homogeneous they 
were rejected. | 
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There remained 110 specimens suitable for this investiga- 
tion, which were forged into bars, and these bars, after 
being heated to a bright red (about доо C.), were rolled 
into rods of nearly circular cross section, about half a 
centimetre (0:2 inches) in diameter (No. 5 B.W.G.), and cut 
into lengths of 106 cms. (42 inches). After beingstraightened, 
the rods were tested for electrical conductivity, and many 
of them for magnetic permeability, as they stood, i.e., in the 
ordinary rolled or unannealed condition. The rods were 
then returned to Sheffield and very carefully annealed, being 
heated to about 1,000° C., the cooling (in an E. and W. 
position) taking тоо hours, about four days and nights. They 
were returned to Dublin, and the electrical conductivity 
and magnetic properties of the whole series carefully deter- 
mined by Mr. Brown and myself in thisannealed condition. 
Later on we propose to repeat the experiments on the rods 
when hardened, after further tests on other physical pro- 
perties of these alloys in their present annealed condition 
have been concluded. 


The following is a complete list of the specimens tested 
in the form of rods and wires :— 


Crass т. Alloys of iron containing varying proportions 


of one other element is iis ... 59 specimens 
» 2. Ditto, ditto, two other elements 4% es 44 A 
» 3. Ditto, ditto, three or more elements ... ue p 5 
Total ... из n "is 2. 110 
Crass I, 


No. of specimens having 
varying percentages of 


~ Group. Description. the added element. 
т. Carbon-iron alloys  ... lis ЗА ... 13 varieties. 
2. Manganese, , "Y eas TO .. 18 У 
3. Nickel » o» | I2 5 
4. Tungsten ,  , 4 5 
5. Aluminium,, T 3 i 
6. Silicon » » 2 » 
7. Chromium, , 3 » 
8. Copper , , 4 » 
Total 59 
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Crass II. 
No. of specimens having 
varying percentages of 
Group. Description. the added element. 
9. Nickel-copper iron alloys ... is ..  ] variety. 
то. Nickel-chromium ,, ,, ku ut ... 6 varieties. 


II. Nickel-silicon o dee 5 

12. Nickel-manganese,, , РР 25 
I3. Manganese-chromium iron alloys ... 
14. Manganese-tungsten ,, ле 

Is. Manganese-silicon - 5 

I6. Manganese-copper » ü 

17. Chromium-aluminium ,, " 

I8. Chromium-silicon " Ы 

19. Chromium-copper 5 " 

20. Chromium-tungsten , Т 

21. Aluminium-copper T - 

22. Aluminium-silicon 5 z 


a ag ee E и M E ОС 


Total 


Crass III. 
23. Cobalt-manganese-silicon iron alloys 2 varieties. 
24. Nickel-iron-copper - » I T 
25. Chromium-tungsten-copper ,, A T I " 
26. Chromium-manganese-silicon iron alloys... т 5 
27. Nickel-manganese-aluminium-silicon ,, ,, I 5 
28. Copper-manganese-chromium kc I » 
Total 7 


A chemical analysis of the whole of these alloys was 
made in the laboratory attached to the Hecla Works, 
Sheffield, and the percentage composition of each is given 
in the tabular statement later on. The present paper is 
divided into four parts. Part I. deals with the electric 
conductivity of these alloys; Part 11. with their magnetic 
properties ; Part III. describes a series of practically non- 
magnetic alloys of iron; and Part IV. gives the results 
obtained with two alloys containing nearly 3 per cent of 
non-magnetic elements which nevertheless are, within 
certain wide limits of induction, more magnetic than the 
purest commercial iron obtainable (Swedish charcoal iron, 
containing 99:80 per cent. of iron), all being in the same 
physical state as regards annealing. 
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PART I. 


ELECTRIC CONDUCTIVITY. 


The conductivity of the rods was determined by the 
potential method," the fall of potential over a known length 
of the rod under experiment being compared with the 
fall over a corresponding length of a standard copper or 
iron rod. The homogeneity of each specimen was tested 
by taking the fall of potential over one-half and one-quarter 
the length of each rod as well as over the whole length ; 
the galvanometric deflections being found proportional to 
the length, except in the cases of two or three specimens, 
which were not in quite the same physical state throughout. 
The length of each rod having been determined, its volume, 
and hence by calculation its sectional area, was carefully 
measured by water displacement. A long glass tube, closed 
at one end, was employed for this purpose, the tube being 
I cm. diameter and graduated to tenths of a c.c.? 

Since our memoir in the Trans. R. D.S. was published 
we have made a new series of diagrams showing the electric 
conductivity of the rods in the annealed condition, the 
measurements being taken as above described. These 
diagrams are here given, Fig. 1 (p. 688) showing the electric 
conductivity and Fig. 2 the specific electric resistance 
of those alloys of iron contained in Class I., i.e., when a 
single element in varying proportions is alloyed with iron. 
In Fig. 1 the ordinates express the conductivity, Matthies- 
sen's pure hard copper being taken as тоо, and the abscissz 
give the percentage of the other elements alloyed with the 
iron. In Fig. 2 the abscisse are the same, but the 
ordinates express the specific resistance in microhms per c.c. 
We regret that it 15 impossible to represent by diagrams on 
a plane surface the results obtained with varying per- 
centages of two or more elements added to iron. These 
results are shown in tabular form further on, the specific 
resistances being calculated. 

* Details of these experiments are given on pp. 70 and 71 of our paper in 
the Transactions of the Royal Dublin Socicty for 1900. 

2 The diameter of each rod was in the first instance determined at six 
different points by means of a micrometer screw, but on account of the cross 
section of the rods not being quite circular the method of water displacement 
was finally adopted. This method of measurement gave such excellent 


results that the conductivities of the whole of the rods were re-determined 
after using this method. 
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The standard with which the conductivity of the rods 
was compared was a specimen of pure copper obtained ' 
from Kelvin and White, of Glasgow; the conductivity of 
this standard had been determined with care in the Physical 
Laboratory of Glasgow University and found to be тогот, 
Matthiessen’s hard-drawn pure copper standard being taken 
as 100. In addition to the foregoing, a standard was made 
of the purest commercial iron in the form of a rod 104 cms. 
ong, carefully turned to a uniform diameter throughout 
ts length; the sectional area of the rod being 0'1874 sq. cms., 
about the same as the rest of the specimens. ` 

A sample of this standard iron was drawn into wire of 
the same diameter as the copper standard (0°124 cms.) and 
the relative conductivity of the iron and copper wires 
directly determined and also their specific resistances per c.c. 
The specific resistance was found to be 10°47 microhms 
рег с.с. for the iron wire, and 1:721 for the copper, both at 
18° C. The conductivity of the iron deduced from these 
values is 16°44. Comparing the conductivity of the standard 
iron rod with the iron wire, the former was found to be 16:5 
and the latter 164, Matthiessen's copper being taken as тоо; 
this slight difference between the iron rod and iron wire being 
due to some variation in hardness in the two specimens, 
which had not been specially annealed. When the wire was 
carefully annealed its conductivity rose to 16°78; copper, 
as before, being 100. 

Hence by multiplying the conductivity of any specimen, 
in terms of copper, by 100, and dividing by 16°78, we obtain 
the conductivity in terms of our standard annealed iron as 
IOO. As, however, it is often more convenient to express 
the results as resistances, we can find the specific resistance 
of any specimen in microhms per c.c. by multiplying the 
specific resistance of our standard copper (17721) by 100 and 
dividing by the conductivity of the specimen in terms of 
copper, the ratio of the respective resistances being inversely 
as the ratio of their conductivities. This has been done in 
the tabular statements which follow. 

It will be observed that the specific resistance here given 
for our copper and iron standards is slightly higher than 
the number usually found in tables of physical constants for 
these bodies at the corresponding temperature. Much, of 
course, depends on the physical state as well as chemical 
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purity of the specimens. The chemical analysis of our 
standard iron is as follows :— 


ANALYSIS OF STANDARD IRON MARKED S.C. I. 


Iron T тА pa .. 99:89 
Carbon ... кз n за 07028 
Silicon... n 95 es 0°07 
Sulphur ... id € "m 0°005 
Phosphorus  ... ТР pi 0'004 
Manganese ves ak ET trace 

99'997 


So that our standard iron has only about one-tenth of 
I per cent. of impurities, and is therefore a remarkably 
good specimen of Swedish Charcoal Iron. The copper was 
hard drawn electrolytic copper, and, as we have already said, 
was found in Lord Kelvin's laboratory to be гот per cent. 
higher conductivity than Matthiessen's pure hard-drawn 
copper. The data supplied (from the same laboratory) with 
this wire were as follows :— 


Diameter... ET .... 0712404 cm. 

Sectional area ... ... 07012084 sq. cms. 

Weight per metre ... 10°7689 grammes. 

Density ... m ... 90117 

РЕР ( Board of Trade 
per metre ... 0'014245 


1 Ohmsat 18:19 С. 
Temperature variation... 0:004 per Ohm. per 19 C. 


The specific resistance deduced from the above is 1721 
microhms per c.c. at 18:19 С. Our own direct measure- 
ments of this wire gave almost exactly the same value for 
its specific resistance. 

The accompanying table gives the values we have found 
for the conductivity of the first series of. specimens, 
Matthiessen's copper being taken as roo. The last column 
gives the corresponding values of the specific resistance in 

* The value now adopted for Matthiessen's pure hard-drawn copper is 
1:626 microhms per с.с. at o? C. The high temperature coefficient of copper 
raises this value to 17437 at 18:19 С. This number reduced 1:01 per cent. 


(which represents the conductivity of our specimen of copper) becomes 
1'7261, closely agreeing with the number we found by direct measurement. 
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microhms per c.c., calculated as mentioned above. The tem- 
perature throughout was that of the air, about 18° C. Each 
specimen was identified by the particular marks stamped on 
it by the manufacturer, as given in column 11, The succeed- 
ing columns give the percentage composition of each 
specimen, the iron being estimated by difference.? In spite 
of the care taken in the manufacture of these alloys to 
reduce the impurities to a minimum, it will be observed 
that a certain percentage of carbon and of manganese is 
present in all the specimens. This is unavoidable in the 
ordinary process of manufacture ; but we believe these 
impurities are present in smaller quantities than in any other 
considerable collection of iron alloys yet made. 

As there were a large number of specimens in the first 
three groups we have put together those with the smaller 
amount of impurity (carbon or manganese, or both, as the 
case may be) in subdivision A. and the others in B. 

The foregoing results are graphically represented in 
Figures 1 and 2, only the low carbon specimens being 
‘plotted, except in the case of the manganese group, where 
both are given. 

Passing on to the alloys in Class II. which contain two 
elements added to iron, we have the results given in Table II. 

The discussion of these results need not occupy us here ; 3 
it will be sufficient to point out that a similar effect on con- 
ductivity is produced by the different elements when more 
than one is present in the alloy as was observed previously 
when one only was added to iron. In fact, the rate of 
increase of specific resistance produced by successively 
adding 1 per cent. of, say, aluminium to iron will be found 
almost the same as the rate deduced from similar additions 
of aluminium to a composite chromium-aluminium-iron 
alloy, and so on with other of these alloys. 

The electric conductivity of the still more composite 
alloys in Class III., where three or more elements are added 
to iron, is shown in Table III. i 

Many of these alloys were drawn into wire, and their 


* These marks afford an indication of a consecutive series of castings, с.2., 
1392 H, I, etc., or of castings made at different periods, ¢.g., 611, 613, 614, etc. 

? [n the first three specimens in Table I. a complete analysis was made, 
and the small amount of phosphorus and sulphur found (not shown in the 
table) reduces the percentage of iron to that given in the table. 

3 See our paper in Trans. R. D. S., 1900, p. 87 to p. 99. 
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specific resistance and also their increase in resistance per 
ohm per 19 C. between o9 C. and 150° C. determined in 
the ordinary way. When the wires were drawn from the 
same batch of castings as the rods, the specific resistance 
directly determined was practically the same as that deduced 
from the conductivity of the corresponding rods. These 
results are given in Table IV. 

The highest electrical resistance of any known metallic 
wire, commercially useful, has been found in some of 
these composite iron alloys. Thus an alloy of 25 per cent. 
of nickel and 5 per cent. of manganese has a specific resis- 
tance of 97'5 microhms and a comparatively low tempera- 
ture coefficient. This alloy is easily drawn into wire, and 
appears to undergo but little change in heating, and is 
not an expensive product. It has also some remarkable 
thermo-electric properties which have been investigated by 
oneofus. Many of these nickel-manganese iron alloys were 
made by Mr. Hadfield many years ago, and their specific 
resistance and temperature coefficient were determined by 
us in 1895. Among these was the alloy containing 15 per 
cent. of nickel and 5 per cent. of manganese, originally. 
called Rheostene, now known as Resista, and the physical 
properties of this material were fully investigated by us in 
1895. Since then various makers have given other names 
to these alloys and they are to be had on the market. For 
six years we have had the whole of the resistance coils used 
in our electric installation and lecture theatre in the Royal 
College of Science made of rheostene, and no depreciation 
of the material has been noticed.? 

Why the conductivity of a metal is so much reduced by 
a small quantity of another element alloyed with it and why 
the effect produced by these elements should vary in the 
order we have found are problems that await explanation. 
It is, however, possible that some light may be thrown by this 
investigation upon this difficult question. A series of experi- 
ments are in progress, and will shortly be published, in which 
the thermal conductivities of these alloys are being measured. 
We have already determined the relative thermal conduc- 


* See paper by Professor Barrett in Trans. R. D. S., Jan., 1900. 

? Some users have complained of rheostene that it becomes brittle and 
perishes. Under certain circumstances we have noticed this is the case with 
thin wire of this material. 
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tivity of upwards of forty of these alloys, and in every case 
the electric and thermal conductivities go hand in hand; 
the causes that diminish the electric conductivity would 
therefore also appear to diminish the thermal conductivity. 
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NOTES ON PART I. BY W. F. B. 


(1) The results given in the preceding Part show that 
the conductivity of iron is in all cases diminished by 
alloying it with another metal, even though that metal be 
itself a better conductor than iron, except perhaps in the 
case of an alloy of iron and copper. In the case of the 
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copper-iron alloys the specimens at our command were 
very few and contained variable amounts of impurity. As 
will be seen from Table I., the only specimens in this group 
that are at all comparable are 1264 A and B, the latter 
containing about 1 per cent. more copper than the former, 
with a little higher conductivity, a difference which 
may be accounted for by the slightly less carbon and 
manganese impurities it contains, though both have high 
carbon. If we compare 1264 A with an ordinary steel con- 
taining nearly the same carbon, but no copper—such as 
1392 Hin Group I.—the conductivity of both is practically 
the same. 

(2) The foregoing results also show that reduction of 
conductivity produced by alloying iron with another metal 
is not due to the greater specific resistance of the added 
metal. On the contrary, an iron alloy of very high specific 
resistance is produced by adding toiron an element of much 
lower specific resistance than the iron itself. In fact, the 
conductivity of the resultant alloy appears to have no con- 
nection with the conductivity of the constituents of the alloy. 
Thus, if we compare an aluminium-iron alloy with a 
corresponding percentage nickel-iron alloy, the former is 
a far worse conductor than the latter, albeit pure aluminium 
is upwards of three times better a conductor than pure iron, 
whereas nickel is a slightly worse conductor than iron. 
Taking an alloy of 2$ per cent. aluminium with iron and 
a similar nickel-iron alloy, Table V. shows the respective 
. conductivities compared with pure aluminium and nickel, 
the nearest whole numbers only being given. 


TABLE V. 
Conductivity. 

Mathiessen's pure copper... ... ... 100 
Commercially pure aluminium ... ... 58 
у; i ГОЦ, sex] cams. “aa. ЛУ 

ч „ nickel ... ... ... 12 

Alloy iron + 24 % nickel ... ... ... 8 
Y » + 2} % aluminium... ... 4 


An inspection of Figs. 1 and 2 shows that of all the 
alloys we have examined the addition of tungsten to iron 
reduces the conductivity the least. I can find no record of 
the conductivity of this element having been determined, 

Vor. 81. 46 
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nor of chromium, manganese, nor silicon, and should be 
glad if any one could give us information on this point. 

(3) The profound effect on the conductivity of iron pro- 
duced by the presence of small quantities of carbon is 
strikingly shown in Fig. 1. In fact, other things being 
equal, the conductivity of a specimen affords a rapid and 
simple method of estimating the amount of carbon present 
in a sample of steel, by an inspection of the curve in Fig. 1. 
The rolled and annealed specimens of carbon-iron alloys at 
our disposal did not contain more than 12 per cent. of carbon, 
so that we cannot carry the carbon curves beyond this point. 

(4) Figs. І and 2 also demonstrate that the greatest 
reduction of conductivity, for a given percentage of the 
added element, is produced by the first increments of the 
element added. This is also shown in Table VI. below. As 
the percentage increases, i.e., as the alloy becomes richer, 
the effect of corresponding increments—so far as the electric 
conductivity is concerned—becomes less, and in the case 
of the more highly resisting alloys, such as nickel and 
manganese, the difference between the conductivity of a 13 
and 18 per cent. alloy is hardly perceptible. In a word, 
the curves fall steeply and tend to become asymptotic 
when the amount of alloy is largest and the conductivity is 
reduced to a certain low value. 


TABLE VI. 


APPROXIMATE SPECIFIC RESISTANCE OF IRON ALLOYS AT DIFFERENT 
PERCENTAGES OF THE ADDED ELEMENT NAMED IN FIRST 
COLUMN. 


! 
| 

| Percentage of Added Element. | 

Alloy of Iron with A П Oe товара sc o] 

I 2 | 3 4 6 | 

percent. | per cent. рег сеп. per cent. | per cent. . 

| | 


Aluminium ... ww. | 270 380 480 570 740 


Tungsten | 15'5 16'5 17'2 18'0 185 | 
Nickel | 190 21'0 | 230 25'0 27'0 
Chromium | 240 265 | 200 
Manganese ... 235 280 зго 340 390 | 
Silicon 460 535 боёо 
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The effect thus produced on the transmission of electricity 
through an alloy of growing richness is therefore analogous 
to the effect produced on the transmission of white light 
through a medium which is tinted with increasing quantities 
of colouring matter, the first additions of the colour pro- 
ducing the greatest selective absorption.: 

(5) Upon referring to Fig. 2, the resistance of specimens 
of the best commercial iron containing from 99:97 to 99:5 
of pure iron is shown in the horizontal dotted lines. Taking 
the difference between the ordinates given by these speci- 
mens and the ordinales of the various alloys at any given 
percentage of added element, we obtain the increase of 
specific resistance produced by the addition of that element 
to iron. To obtain comparable results the percentage of 
carbon and other impurities in the alloy should be the same 
as in the specimen of iron with which it is compared. By 
referring to Table I. this can be found. Making the subtrac- 
tion necessary in each case, we get the following results for 
the increase in specific resistance produced by the addition 
of 2, 4, and 6 per cent. of the following substances to 
commercially pure iron :— 


TABLE VII. 


INCREASE IN SPECIFIC RESISTANCE PRODUCED IN IRON OF CORRE- 
SPONDING PURITY BY ALLOYING IT WITH VARIOUS PERCENTAGES 
OF THE ELEMENTS NAMED. 


a 2 per cent. | 4 per cent. | 6 per cent. 
Tungsten... 40: 55 бо | Microhms рег c.c. at 18° С. 
Nickel ... 65 10°O 12'5 з » оо” 
Chromium wee 12'0 14'0 5 » » 
Manganese 150 21'0 260 Т » » 
Silicon ... is 41'O 555 T » » 


Aluminium 25'5 44'5 6r3 p » » 


* If this were anything more than a mere analogy, i.e., if there was апу 
selective absorption of an electric current, as there is of composite radiation 
—whether iuminous, thermal, or electric— we should expect to find the specific 
resistance of a given wire become less the greater the length under trial ; in 
other words, Ohm's Law would not hold true in all cases, which, however, 

it does. 
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Dividing the increase in specific resistance by the per- 
centage given at the head of the corresponding column, it 
will be noticed, as already remarked, that as the alloy becomes 
richer in the added element, the increase of resistance caused 
by the addition of 1 per cent. of that element becomes pro- 
gressively less ; in other words, the curves as seen in Fig. 2 
are steepest near their origin. 

Selecting the middle column of figures and dividing 
it by 4, we get the increase of resistance produced by 
the addition of 1 per cent. of the element in an alloy con- 
taining about 4 per cent. of the added element. This is 
shown in the next table, and side by side is shown the 
specific heat and the atomic weight of the elements named 
in the first column. 


TABLE VIII. 


Specific resis- | 


Iron alloyed with tance tof "Specific heat. acne | 

| | 

| Tungsten ... ... .. I'l 0'035 | 184 | 

| Cobalt... 405. 55 - ake 2:2 107 | 59 | 

Nickel... 2... .. 25 | ‘109 | 89 | 

Chromium... ... ... 30 '1 (7) | 52 | 

| Мапрапезе ваш Бай 5'2 122 | 55 | 
‚| Silicon — .. .. .. 103 183 28 
, Aluminium... ... .. 1171 "212 27 


== = — m | —-- 


It will be seen, as pointed out by one of us in a recent 
paper at the Royal Society,! the increase in specific resistance 
follows the same order as the increase in specific heats 
of the various elements, with the possible exception of 
chromium, the specific heat of which element is doubtful, 
and the exact specific resistance produced by that alloy is 
also a little uncertain. With the same exception the atomic 
weight appears to decrease as the resistance of the alloy 

"Он the Increase of Electrical. Resistivity caused. by Alloying Iron with 


various Elements and the Specific Heat of those Elements, by W. F. Barrett, 
F.R.S., read February 6th. 1902 (Proc. Коу. Soc., 1902, vol. 69, p. 480). 
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increases. This of course follows from Dulong and Petit’s 
law, whereby the specific heat of most elements (in general 
those whose atomic weight is above 30) is inversely as their 
molecular weights. The remarkable correspondence shown 
in Table VIII. is, we think, more than а chance coincidence. 
If it should. prove to be a real physical relationship, it may 
afford some light on the obscure question of what deter- 
mines the remarkable increase in resistance when a com- 
paratively good conductor, like aluminium, is alloyed with 
iron. 

Some additional confirmation of this relationship is 
afforded by the position of cobalt and carbon. Two 
alloys of cobalt are given in Table III., 1209 C. and 
F.; these alloys contain high carbon and also some 
silicon, etc., but deducting the effect of these impurities 
on the conductivity, the cobalt curve was found to lie close 
to the nickel curve on the tungsten side of it. In other 
words, the increase in specific resistance produced by 
cobalt appears to be rather less than that caused by nickel 
but considerably more than that by tungsten. Now, the 
specific heat of cobalt is o'107, and its atomic weight is 59, 
so that it falls into its proper place in Table VIII. 

The comparative effect of carbon is extremely difhcult 
to ascertain owing (1) to the impossibility of making alloys 
of iron with large percentages of carbon, and (2) the 
difficulty of excluding impurities such as manganese, 
silicon, etc., from the carbon steels. Тһе specimens at 
our command did not exceed 1} per cent. of carbon, and 
were not pure alloys of carbon and iron. It is only by 
comparing the specific resistance of specimens with a similar 
amount of impurities and different amounts of carbon that 
an estimate of the effect of carbon can be made. From 
our purest commercial iron (S. C. I.) up to iron containing 
o'14 per cent. of carbon the increase in specific resistance 
is at the rate of about two microhms for one-tenth of 1 per 
cent. of added carbon, but from o'14 to 1°24 per cent. of 
carbon the rate of increase in specific resistance produced 
by the carbon falls to one-fourth of this, viz., about five 
microhms for 1 per cent. of added carbon. The result 
doubtless depends on the condition in which the carbon 
exists in the iron with which it is alloyed, and metallurgists 
have told us there is a considerable difference in this respect. 
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The specific heat of carbon in the form of graphite is 0°16, 
and in the form of diamond it is o'113. Hence its place 
in Table VIII. is between nickel and manganese, and this 
is also its position as regards the increase of specific re- 
sistance it produces in iron for corresponding percentages. 

Before any conclusive assertion can be made as to the 
remarkable and interesting connection which here appears 
to be indicated, it is necessary to wait for further evidence 
and also to ascertain whether any similar connection is 
indicated in the alloys of other metals. 

(7) In all cases annealing was found to diminish the 
specific resistance of these alloys. In one particular com- 
posite alloy, containing 14 per cent. of nickel, 5 per cent. of 
manganese, and 2 per cent. of aluminium, alloyed with 78:5 
per cent. of iron, the unannealed alloy had the enormous 
specific resistance of 89 microhms per c.c. whilst that of 
the same specimen annealed was 48 microhms per c.c.—a 
difference of 87 per cent. produced by annealing ! 

The effect of heat treatment on the alloys of iron con- 
taining a large percentage of manganese is, however, dif- 
ferent from that produced on most other steels. The slow 
cooling of a high manganese steel hardens it, whilst rapid 
cooling softens it. This difference in the effect of heat- 
treatment probably accounts for the anomalous conductivity 
shown by certain specimens of manganese steels, as seen in 
the curves for that alloy in Fig. 2. It will be observed 
that the presence of carbon in any of these alloys greatly 
diminishes their conductivity, and also their magnetic per- 
meability, as we shall see later on. The difference between 
the high and low carbon manganese steels is shown in 
Fig. 2; this difference is also strikingly shown in the 
high and low carbon nickel steels, as was seen in Table I. 

A brief reference must be made to the results obtained 
by two or three other workers in this held. In 1885 the 
late Dr. J. Hopkinson, F.R.S., determined the electric 
resistance of a few specimens of manganese, silicon, 
chromium, and tungsten steels which had been subjected 
to different thermal treatment. The general order of con- 
ductivity found by Dr. Hopkinson agrees with our results 
when specimens of approximately the same composition 
and physical state are compared. But, unfortunately, nearly 

! Phil. Тғанѕ., 1885, part ii., p. 463. 
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all Dr. Hopkinson’s specimens had a high percentage of 
impurities, and his results are therefore to that extent incon- 
clusive. In 1898 M. le Chatelier determined the electric 
resistance of certain alloys of iron. His specimens were 
short bars, 20 cms. long and 1 sq. cm. in cross section, the 
experimental difficulties were therefore great. The total 
number of specimens examined by M. le Chatelier was not 
large, and in some the impurities were considerable. Taking 
the increase of resistance between the lowest and highest 
percentage of the added element M. le Chatelier deduced the 
following numbers for the increase of resistance correspond- 
ing to the addition of 1 fer cent. of the added metal. Silicon 
14 microhms, carbon 7, manganese 5, nickel 3 to 7 microhms, 
and for chromium, molybdenum, and tungsten he states a 
very small increase of resistance was produced. As M. le 
Chatelier arrives at these results from specimens widely 
differing in their limiting percentages and in their degree of 
purity, it is remarkable he should obtain a series of figures 
which are not so very different from the results we have given 
in Table VIII. The fact that he places molybdenum next to 
tungsten in the small increase in resistance it produces, 1s 
interesting as giving further support to the connection 
between the specific heat, or molecular weight, of the added 
element and the conductivity of the alloy ; for the specific 
heat of molybdenum is stated to be о'о66 and its atomic 
weight is 96, so that it comes between tungsten and nickel 
in Table VIII. I have not had the opportunity of testing any 
molybdenum-iron alloys, but Mr. Hadfield informs me he 
hopes to make some specimens shortly and possibly some 
further new alloys of iron, as experiments are in progress 
at the Hecla Steel Works. Lead, zinc, and metals of low 
fusibility will not alloy with iron. 


PART II. 


MAGNETIC PROPERTIES OF THESE ALLOYS. 


In the determination of the magnetic properties of these 
alloys, complete B and H cyclic curves, up to a field of 45 
C.G.S. units, were made for nearly every specimen. The speci- 


* Comptes Rendus of the Paris Academy, June, 1898. 
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mens having been made in the form of rods about a metre 
long and half a centimetre diameter, the yoke or ring method 
could not be adopted, except in a few special cases where 
short rods and rings of the material were made: The 
magneto-metric method had therefore to be employed. 
Although this method is extremely useful for comparative 
tests, it cannot be depended upon for exact absolute determi- 
nations, more especially in rods of high permeability and 
where the length (as in our specimens) does not much ex- 
ceed 200 diameters. 

After various trials a convenient form of magnetometer 
was found in the magnetic system of one of Lord Kelvin's 
graded galvanometers, the scale of which was made to read 
in degrees. By sliding the magnetometer along a grooved 
board to a definite distance, or by the use of specially made 
overhead magnets of known strength, the deflections of the 
instrument could be adapted to suit the enormous range in 
permeability of the alloys to be tested.? 

The rod under test was vertically supported inside a 
' magnetising solenoid about 20 cms. longer than the rod 
itself; the position of the upper magnetic pole of the test 
rod in the solenoid being determined, the magnetometer 
was so placed (on a rigid stone pillar) as to be in a line 
with, and usually 45 cms. from, this pole. The effect of the 
external field due to the solenoid alone was neutralised by a 
compensating coil introduced into the main circuit, and the 
magnetisation of the rods due to the vertical component of 
the earth's force, was, in the more permeable specimens, 
neutralised by a single layer of wire round the solenoid, 
through which a very small independent current was sent 
with an adjustable resistance in circuit. The current in the 
main circuit, after traversing the usual step by step resist- 
ances, was measured by direct-reading Weston ammeters, 
three of which were employed ; these enabled continuous 


* For the sake of comparative tests of their electric and magnetic pro- 
perties it was desirable to have all the specimens of a uniform diameter and 
subjected to similar mechanical and heat treatment : as several of the alloys 
could not be rolled or drawn much smaller than No. 5 B.W.G. (4 cm. diam.) 
this size was adopted throughout, though a smaller diameter would have been 
much better for both the electric and magnetic tests. 

? But even the most perfectly pivoted magnetometer wears in use, and 
the indications become sluggish and unreliable for the measurement of small 
magnetic changes. This we found to be the case, and a delicate reflecting 
magnetometer suspended from a fibre had to be resorted to in the later 
experiments. 
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readings to be taken from о'оог ampere up to 18 amperes. 
For the complete cycle 28 steps were employed, and these 
were repeated if the cyclic curve was found not to be per- 
fectly symmetrical above and below the axis. Before the 
readings were taken, each specimen was subjected to rapid 
reversals of a current of gradually diminishing intensity, so 
that the test rod was left in a neutral condition. The de- 
termination of the value of the horizontal component of the 
earth’s magnetic field, at the spot where the magnetometer 
was placed, was made with great саге and checked from time 
to time : its value was = 0'174. 

The length of the rods was about 200 diameters, hence a 
correction for the demagnetising reaction of the ends was 
necessary. This reaction is most felt in the downward part 
of the cyclic curve, especially in the more permeable speci- 
mens. The correction given by Professor Ewing for a rod 
of 200 diameters is shown in Figs. 3 to 8; the vertical axis 
o B is inclined through a small and definite angle: hence 
the actual value of the magnetising force H, for any given 
induction B, must be found by measurement írom this 
inclined axis and not from the vertical axis oB. Later on 
we give the result of some careful experiments with rings 
and thinner rods of the same material to ascertain the validity 
of this correction in rods similar to those we employed. 

In the next table (Table IX.) the results thus obtained 
with some of the alloys are given. The first column 15 the 
maker's mark for the alloy ; then follows the percentage of 
the principal element added to the iron, the full analysis can 
be ascertained by referring to the corresponding alloy given 
in Table I. ; the maximum induction in a field of 45 C.G.S. 
units is next given, then the permeability, u — B/H, in a 
field of 8; then the residual induction, or remanence, 15 
given in terms of B, this is deduced from the point where 
the sloping line shown in Figs. 3 to 8 cuts the descending 
curve; then follows the coercive force (max. field = 45) 
given in terms of H ; and in the last column is given the 
hysteresis loss, or the energy dissipated in ergs in passing 
the test rod through a complete cycle—this value was found 
by measuring the area of each curve. It will be remem- 
bered that all the specimens have been annealed. 

There is no novelty in the group of Carbon steels, as 
their magnetic properties are well known; the specimen 
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marked B is the best Lowmoor iron, but 1s not as permeable 
as S.C.I. It will be seen from Table IX., and also from Fig. 9, 
that as the percentage of carbon increases, the permeability 
(for a field of 8) decreases regularly, and the coercive force 
and the hysteresis loss increases. Here, as was noticed in 
the electric conductivity of the specimens, small quantities 
of manganese impurity seriously affect their magnetic 
permeability. 
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Fic. 3.— Manganese Steels. 


Six of the fifteen Manganese steels we have examined are 
given in Table I.; five others, containing higher percentages 
of manganese, are included in Table XI., among the 
practically non-magnetic alloys. The cyclic curves of a 
few manganese steels are shown in Fig. 3.1 A sudden drop 
in the permeability, and corresponding increase of the 
coercive, force, will be noticed when the quantity of man- 


1 [n all these curves the thin up-going line is that obtained from the first 
magnetisation of the specimen, and represents the permeability ; the upper 
half of the cyclic curve is shown by the thicker lines. 
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ganese present іп the alloy rises from 23 to 4 per cent. The 
difference in the cyclic curve for specimens containing 
these two amounts of manganese is very striking. When the 
quantity of manganese present rises to 7 or 8 per cent., 
further additions of manganese have a much less effect 
on the magnetic properties of the alloy, which becomes 
practically non-magnetic when the quantity of manganese 
rises to 13 percent. It is interesting to note that the electric 
conductivity of these manganese steels decreases rapidly up 
to about 7 per cent., and then falls very slowly. 

A remarkable feature in the magnetic properties of 
manganese steels is the part played by the presence of 
carbon in thealloy. Іп low manganese steels, i.e., when the 
manganese present does not exceed 3 or 4 per cent., high 
carbon injuriously affects the magnetic properties of the 
alloy ; but in kigh manganese steels, i.e., when the quantity 
of manganese in the alloy is ro per cent. or over, 
increasing the carbon improves the magnetic properties of 
the alloy. The hardness of the manganese steels, as tested 
by the file, precisely agrees with their relative magnetic 
conditions. In two manganese steels with about 3°5 per 
cent. of manganese, but with different amounts of carbon, 
the one with the highest carbon was the hardest to the file, 
and was much worse magnetically, the induction at 
45 C.G.S. being nearly three times greater with the lower 
carbon, and the coercive force less. But when ro to 11 
per cent. of manganese was present, the reverse was the 
case ; the one with the highest carbon was the softer to 
the file, and much better magnetically. Even though this 
latter contained in addition upwards of 1 per cent. more 
manganese (i.e, 11:5 per cent. against Ісі per cent.), the 
induction was much higher (1,100 against 600) and the 
coercive force less. Іп a specimen containing only 0°15 of 
carbon and 15 per cent. of manganese, no trace of magnetic 
susceptibility was found in a field of 45, but when the per- 
centage of carbon was increased ten times, f.e., to г5 per 
cent., the percentage of manganese remaining the same, 
magnetic susceptibility was restored to a certain extent. 
Even ап 182 per cent. manganese stcel with 13. per cent. of 
carbon showed distinct magnetic susceptibility. It would 
have been interesting to try the effect of still further 
increasing the manganese, and also to ascertain whether 
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a very low temperature would increase the magnetic 
susceptibilities of these steels. 

The condition in which the carbon exists in these steels 
(which is not shown by the chemical analysis) is a very 
important factor and needs further investigation. It should 
also be borne in mind that when suddenly quenched from 
a bright-red heat a low manganese steel behaves like a 
carbon steel and is hardened, but a high manganese steel so 
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Fic. 4.—Nickel Steels. 


treated is not hardened, but rendered tougher and less 
hard ; slow cooling, in fact, hardens the high manganese 
steels. A 13 per cent. manganese steel is so hard that it 
cannot be machined, and is hardly touched by a file. 


In the fine collection of Nickel steels, or rather nickel- 
iron alloys, which were tested, some points of great interest 
were discovered. It will be seen from Fig. 4 that a low 
nickel-iron alloy such as 1287 D or E is nearly as good 
magnetically as our specimen of Lowmoor iron, but. that 
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the permeability rapidly decreases with increase of nickel 
until about 20 per cent. is reached, when a further increase 
in the quantity of nickel increases the permeability. This 
is shown by the curves in Fig. 7. In fact for very low 
magnetising forces the specimen 1449, when annealed, is 
more permeable than the best iron. The curve of per- 
meability exactly accords with tests on the mechanical 
properties of these nickel alloys. Mr. Hadfield has shown 
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Ес. 5.—Tungsten Steels. 


that nickel up to 8 or ro per cent. increases the hardness 
and tensile strength of iron, but over 20 per cent. of nickel 
decreases it. Mechanical and magnetic softness go together 
here as elsewhere. 

Some of the alloys of Tungsten are shown in Fig. 5. 
The very high remanence and coercive force, as well as the 
high value of the induction B in a 74 per cent. tungsten 
steel, show that permanent magnets should be made of a 
steel containing from 5 to 7 per cent. of tungsten. It must 
be remembered that these alloys are well annealed, so that 
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the remanence, coercive force, and hysteresis loss would be 
very much greater in the hardened condition. 

Chromium added to iron increases its magnetic hardness, 
the coercive force being considerably increased and the 
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Fic. 6.—Aluminium-Iron Alloys. 


permeability diminished. Copper alloyed with iron has a 
much less injurious effect magnetically than chromium or 
manganese. 

The effect produced by alloying iron with Silicon or 
Aluminium will be dealt with more fully directly ; these 
elements have a most remarkable softening influence on 
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Fic. 7.—High Nickel Steel. 
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iron, and hence, when present up to a certain percentage, 
they improve the magnetic properties of the alloy. Fig. 6 
shows the cyclic curves of aluminium-iron alloys; the 2} 
per cent. aluminium is better even than our standard iron.: 

In Fig. 9 is shown the permeability of the alloys in 
Class I., in a field of H = 8 C.G.S. units. 


Composite Alloys of Iron. 


A composite alloy of Chromium and Aluminium is worse 
than iron or mild steel, but better than a chromium steel. 
The series 1178, Table IX., p. 698, has about the same amount 
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Fic. 8.— Effect of Annealing. 


of chromium but varying percentages of aluminium, and 
it will be seen that as the aluminium increases, the steel 
improves magnetically. The same is true of composite 
alloys containing silicon, which element behaves magneti- 
cally like (but less vigorously than) aluminium. If we now 
take a series of steels such as 1286, containing the same 
amount of nickel, and add increasing quantities of 
chromium, the steel becomes harder and is made worse and 
worse magnetically, as we should expect from series 1178. 
A tungsten steel with a little chromium added has its 
maximum induction in a field of 45 remaining much the 


' This curve is not quite correctly reproduced in Fig. 6; the max. induction 
should be higher. The correct curve is given in Fig. I4. 


Permeabitity. 
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same. But if instead of chromium we add 2} per cent. 
manganese to a tungsten steel it is made worse magnetically, 
the permeability being greatly reduced, and when the 
manganese is increased the alloy becomes non-magnetic. 
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Effect of Annealing. 


The effect of annealing is remarkably shown in 1430, 

a chromium-manganese steel with high carbon ; when 

annealed the specimen is strongly magnetic, an induction 

of some 13,000 being produced in a field of 45, but when 

unannealed the alloy is practically non-magnetic (Fig. 8). 
Vor. 81. 47 
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The same thing is true of a 12 per cent. nickel steel (1450) 
to which 2 per cent. of chromium is added, though its 
magnetic properties are much poorer than 1430 in the 
annealed state. Table X. exhibits the effect of annealing on 
the magnetic susceptibilities of some alloys ; the intensity 
of magnetisation I and not the induction B is given. 


TABLE X. 


EFFECT OF ANNEALING. 


„ысы НЕ ИН шш шыш ее е LCD MCCC HR DE CON 


| Maker's Mark. Principal Constituents. I for field of 45. | 
[eee e сш uo m 
1447 А. Ann. Fe. 86:1 ; Ni. 127 ... n d 370 | 
| " Un. "i Ji m ез к= 16 
1447 В. Ann. Fe. 864; Ni. 12'1... sas ees 343 | 
КЕ Оп. " " 555 55% 7 
1450 А. Апп. Fe. 85°1; Ni. 122; Сг. 20 8 295 | | 
» Un. s 5 i 25% 16 | 
1287 К. Апп. Fe. 79'0 ; Ni. 196... T 224 54) 
е Un. " "a a seg 473 | 
1430 А." Ann. Fe. 86°7; Cr. 89; Mn. 3'1 TUN 1046 | | 
” Un. ” » » see 37 
1411. Апп. Fe. 7753; Ni. 1q1; Mn. 55; Al. 2'3 25 | | 
” Un. ” ” » » 100 
1449. Ann. Fe. 67 0; Ni. 31°4... ass iei I95 | | 
» Un. » » ... ... ... 346 | 


Both the alloys 1411 and 1449 have a higher suscepti- 
bility in the unannealed than the annealed condition in a 
field of 45. The composite alloy 1411 1s the one that 
exhibits the enormous increase in electric resistivity when 
unannealed compared with its annealed state (see p. 694). 


PART IIT? 


NON-MAGNETIC ALLOYS OF IRON. 


We now come to a series of alloys of iron which are 
practically non-magnetic. Many years ago, one of us pub- 
lished the result of a lengthy research on the physical 
properties of Hadfield's 13 per cent. manganese steel, 
together with an investigation of the magnetic properties of 


: This specimen has 1:3 of Carbon. 
2 Somewhat fuller details of this and the next part will be found in a paper 


by the authors published in the Transactions Royal Dublin Society for 1902, 
vol. viii., part i. 
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a number of other alloys of manganese with steel.t In the 
first part of Table XI. is given the intensity of magnetisa- 
tion, I, of a series of high manganese steels in a field of 320 
C.G.S. units. A delicate reflecting magnetometer was used, 
and for the sake of comparison the last column shows the 
susceptibility in the form of percentage, iron in a field of 45 
being taken as тоо. The intensity of magnetisation I of 
iron in this field was found to be 1360. Except where the 
letters Un (signifying unannealed, i.e., as rolled, not specially 
hardened) are attached, the specimens were all annealed. 
The susceptibility would of course have been very much less 
in all these specimens if they were hardened, or taken in a 
field of 45 like the iron. 


TABLE XI. 


NoN-MAGNETIC AND NEARLY NON-MAGNETIC STEELS. 


a £i 
58 | apes 
Magnetising Force = 320 C.G.S. Units. 22. | 25 - 
aw = 
Mark. E 43984 
| 
1388 Fe. 8674; C. 026; Mn. 13'0 ‚ 65 07 
f тото Ann. | Fe. 85°77; C. 1'23; Mn. 130 | 123 1'2 
» n. » » » адан 0 о 
1379 D Fe. 84:64; C. o'15; Mn. 15'2 "E. О 
30 Fe. 83°25; С. r5; Mn. 15'25 ..| 82 o'8 
598 Fe. 80:96 ; C. 1°54; Mn. 185 49 о5 
1424 Fe. 76°58 ; С. 0°83 ; Mn. 59; Ni. 1444; 
| Cu. 2°25 | 20 02 
1100 Ann. Fe. 80° 16; С.о 8; Mn. 5°04 ; - Ni. 14°55 1 3 0'03 
» Un. Уу | о о 
1414 А Апп. | Fe. 75:36 ; C. 06; Mn. 504; Ni. 19! 16 O'IS 
» Un. » ” ” "у | 3 0'03 
1414 B Ann. | Fe. 69:36 ; C. об; Mn. 5:04; Ni. 25 7 0°07 
” Un. | » ” ” » 5 0°05 
1339 Fe. 88:22 ; C. 121; Mn. 8; Ni. 2.57 7 0'07 
1313 Fe. 79°35; C. 74; Mn. 1025; Ni. 9| 49 O'S 
1343 A Fe. 8471; C. 1.34; Mn. 111: W. 2:85 | 30 оз 
^ | Fe. 86°61 ; C. 1°08; Mn. 102; М. 2:11 5 0°05 
620 Fe. 78:12; C. 088; Mn. 175; Сг. 3:5 | 46 04 


| 


* See various papers by Professor Barrett published in the Proceedings of 
the Royal Dublin Society for 1886, 1888, 1890, etc. ; also Report of the British 
Association, 1887, published in full in the Electrician, Nov. 4, 1887. His deter- 
minations of the a а electric resistivity and other physical properties of these 
manganese steels have been confirmed by Fleming and others who have 
subsequently investigated this subject. 
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lt will be seen from this table what a remarkable 
magnetic change is produced by the addition of a com- 
paratively small quantity of another element to certain 
alloys of iron. Thus, high nickel steels are fairly magnetic, 
but add 5 per cent. of manganese and they become non- 
magnetic ; albeit a 5 or even 8 per cent. manganese steel is 
magnetic. Add only 2} per cent. of nickel to the latter and 
the alloy becomes non-magnetic, yet by itself a 24 nickel 
iron is almost as magnetic as pure iron. These and other 
magnetic changes, such as the slight increase in magnetic 
susceptibility produced by the addition of copper, are, no 
doubt, largely due to the increased hardness or softness of 
the alloy thereby produced; mechanical and magnetic 
hardness going hand-in-hand. Hence the importance of 
the prior heat treatment in the susceptibility of the magnetic 
metals, as was so strikingly shown, by Dr. Hopkinson in his 
experiments on the magnetic and non-magnetic states of 
certain high nickel steels. 

Non-magnetic steels, if of good mechanical qualities and 
not too costly, may be found very useful; hitherto the 
extreme hardness of the non-magnetic manganese-steel has 
prevented its general use, but the alloy 1313 and several of 
the others on Table XI. are not very hard, and can be easily 
machined. Non-magnetic steel ships would be a great 
advantage in navigation, and these can now be made if the 
cost were not prohibitive. 


- 


РАКТ ІХ. 


ALLOYS OF IRON MORE MAGNETIC THAN THE PUREST 
COMMERCIAL IRON. 


In conclusion, we have briefly to describe the lengthy 
series of experiments we have made in connection with the 
magnetic properties of silicon iron and of aluminium iron. 
Table XI. shows that these two alloys are highly permeable, 
and have very low hysteresis with high induction. In our 
memoir read before the Royal Dublin Society three years 
ago we showed that an alloy of 23 per cent. of silicon or of 
aluminium with iron gave the most remarkable results 
magnetically, exceeding that of the best and purest Swedish 
charcoal iron we could obtain. The practical as well as 


1 Trans. Royal Dublin Society, vol. vii., part iv., pp. 116-122 ; also vol. viii., 
part i. 


1902.] RESEARCHES ON DIFFERENT ALLOYS OF IRON. 709 


theoretic importance of this discovery made it desirable to 
test our results in various ways, and this has been done. 
The long rods used in Table IX. were only 200 diameters in 
length, and were merely rolled so that their cross-section 
was not uniform. The silicon iron and aluminium iron and 
Swedish charcoal iron rods were therefore turned down in 
a lathe until they were made 255 to 260 diameters in length. 
Each was then heated to redness in a gas flame and allowed to 
cool in an E. and W. position, the heat treatment of each rod 
being exactly similar, though in all three the annealing might 
no doubt have been improved and thus their permeability 
somewhat increased. These were tested in the magnetising 
solenoid previously used, and with a delicate reflecting 
magnetometer placed at 70 cms. distance from the upper 
pole of the rod. By removal and reversals of the rods the 
equality of deflection in the same direction showed that 
they were magnetised solely by the vertical force of the 
earth’s field,? the deflection produced by this field (= 0°46 
unit) being very large with the aluminium iron 1167 H, 
less with the silicon iron 898 E, and least with the Swedish 
charcoal iron S.C.I. In a field of 2 units the extraordinary 
induction B of 12,000 was produced in the 2} per cent. alumi- 
nium iron I167. Table XII. below gives the induction and 


TABLE XII. 


PERMEABILITY OF SILICON-IRON (898 E) AND ALUMINIUM [RON 
(1167 H) ALLOYS COMPARED WITH BEST ANNEALED SWEDISH 
CHARCOAL [вох (S.C.I.) ; RODS, LENGTH = 260 DIAMETERS. 


S. C. I. 898 E. 1,167 H. 


B. | m B. и B. и 


2 7,400 3,700 10,200 5,100 12,000 6,000 
4 ILISO | 2,790 | 12,300 | 3,075 | 13,800 | 3,450 
6 12,600 | 2,100 13,400 | 2,233 14,500 2,416 
8 I,700 13,800 1,725 14,900 1,862 


IO 14,300 | 1,430 | 14,200 | 1,420 | 15,200 1,520 


t Owing to the length (104 cms.) and thinness of these rods, the iron 
(S.C.I.) could not be magnetically reversed without slight tapping, but the 
aluminium iron did not require this. See page 722. 
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permeability in fields up to 1o units of these three bodies. 
The value of the earth's field at the place and time of 
experiment was again carefully determined. 

"These results are shown in the permeability curves given 
in Fig. то. The correction for the demagnetising reaction 
of the ends is not shown on the diagram, but is allowed for 
in Table XII. 


16000 


FIG. 10. 


These results were checked by having some specimens 
made in the form of short rods, and testing them in a yoke 
by means of Professor Ewing’s Permeability Bridge. The 
results are given in Table XIIJ.; differences in annealing 
account for some of the slight differences observed, but the 


* In Fig. 10 the curve for S.C.I. up to a field of 6 is a little low, as found 
by a subsequent experiment after re-annealing the rod ; the numbers in 
Table XII. are taken from this last determination : the rods were also tested 
ballistically by a coil in their centre. 
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relative values are much the same. In Fig. 11 the per- 
meability is shown plotted against the magnetising force H. 

In Professor Ewing’s Permeability Bridge the short rod 
under test is balanced against a standard rod by varying the 
strength of the magnetic field round it until the induction 
is the same in both rods ; the equality being indicated by a 
Поа Есе 65/). 


„© — 


Permeability Curves 
determined by 
Ewings Briage. 
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Fic. 11.—-Permeahility of Swedish Charcoal Iron and Silicon Iron. 


magnetic needle placed between two conducting iron horns 
leading from the yoke. The up-going B and H curve can 
thus be obtained, but not the cyclic curve, and therefore 
not the hysteresis loss. It will be seen from Fig, 11 that 
our specimen of standard iron S.C.I. considerably exceeds 
in permeability the standard iron 120 L supplied with the 
instrument, (See also Fig. 14, p. 718.) 
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TABLE XIII. 


COMPARISON OF MAGNETIC INDUCTION (B) AND PERMEABILITY (д) IN 
PURE IRON AND 24 PER CENT. SILICON IRON ALLOY IN DIFFERENT 
FIELDs, AS DETERMINED BY EwiNG's BRIDGE. 


| | S. С.Т 898 E 
H | B. | u B | т | 

| 2'0 7,120 3,560 8,640 4,320 | 
| 30 9,520 | 3,173 10,400 | 3,466 
4'0 10,800 2,680 11,680 2,920 | 

| 


б'о 12,440 
! во 13,360 1,670 13,760 1,720 , 
| | 
' то'о 14,000 I,400 14,240 I,424 | 


| 


Another set of experiments was made with rings, the 
ballistic method being employed ; an excellent Crompton 
bifilar ballistic galvanometer being used for the purpose. 
The deflections were calibrated and their value found, for a 
given induction, by an earth inductor, and also by a specially 
wound standardising coil. Unfortunately a ring of the 
aluminium-iron alloy has not yet been tested, but from 
annealed forgings of S. С.І. and the silicon iron 898 E 
rings were very accurately turned ; the cross-section (like 
that of a curtain ring) was 9:02 cms. diameter, the cross- 
sectional area being 0°73 and 0°76 sq. cms. respectively. 
The density of these rings was found to be, for S. C. I. 7°84, 
and for 898 E, 7°66. After a final and careful annealing the 
rings were wound with 600 turns in the primary and 200 
turns in the secondary coil. 

The result of these experiments has been plotted in the 
form of cyclic curves which closely resemble the corres- 
ponding curves for the rods given in Fig. 12. Analysis 
showed that the casting from which the 898 E ring was 
made was slightly richer in silicon. Here is the percentage 
composition of the principal constituents of the specimens 
tested :— 
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Silicon. 


оо? 


Сагһоп. 


Iron. 


Mark. 


99'9 


S. C. I. 


898 E rod 


898 E ring 


As the S. C. I. was the same composition in ring and 
rod, an opportunity was afforded of comparing the results 
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Fic. 12.—Cyclic Curves of Swedish Charcoal Iron compared with Silicon Iron, 
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both in the form of long slender rods. 
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obtained by the two methods, and testing the accuracy of 
the correction for endlessness in the case of the rod. The 
result is as follows, the correction being shown by the 
sloping vertical axis in Fig. 12. 


TABLE XIV. 


DETERMINATION OF THE MAGNETIC INDUCTION (B) IN PURE IRON BY 
THE BALLISTIC METHOD (ring), COMPARED WITH THE MAGNETO- 
METRIC METHOD (rod, LENGTH = 255 DIAMETERS) CORRECTED FOR 
REACTION OF ENDs. 


S. C. I. 
H. B. Difference. | 
| 
Ring. Rod | 
4 12,250 II,I50 1,100 
6 13, 12, 700 | 
8 14,300 | І 355 500 | 
IO 14,700 14,500 200 | 
Up Curve ... 12 15,200 15,200 о | 
14 15,400 15,400 » 
IÓ 15,700 I 5,700 - | 
18 15,800 I5, У 
60 17,600 17,600 P 
18 16,200 16,200 | 
16 16,100 16,100 ú 
14 16,000 16,000 » | 
12 15,000 15,900 +» | 
Down Curve Ө 15,700 15,700 | 


The agreement is surprisingly good in fields of ten and 
over ; in lower fields the difference is probably due to the 
fact that the rings were rather better annealed (as indeed 
was the case), and this shows itself in the lower fields. 

A series of cyclic curves for different points of maximum 
induction were obtained from the rings, and are shown in 
Fig. 13. From these curves the data given in Table XV. 
are deduced. It will be seen that in all cases, with a given 
maximum induction, the silicon iron is better magnetically, 
and doubtless could be still further improved by careful 
attention to annealing and by reducing the small per- 
centage of carbon and manganese it contains, and also 
possibly by slightly altering the percentage of silicon. 
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The alloy itself is a soft and beautiful one, easily worked 
and takes a good polish, but rusts more easily than pure 
iron. Its commercial value in the construction of trans- 
formers and other machines where a high magnetic 
permeability is necessary, is obvious; and it so happens 
that transformers are now worked at the maximum induc- 
tion which is best suited to silicon iron. 


TABLE XV. 


ANNEALED SWEDISH CHARCOAL IRON (5. C. 1.). 


Кын |" Geese. I) ниша ле 
17,700 10,800 I'IO 8,754 001397 
11,970 9,090 0'95 3,572 001067 
9,907 7,850 091 2,732 001104 
4944 3,975 072 943 001158 

ANNEALED SILICON IRON (898 E). 

Мақ Induction | remanence. Ramee | ЧО сре | ше | баш 
17,500 8,000 | вео | oo о'8о 6,730 ‘001094 
11,260 7,375 0'78 2,710 000892 ' 

9,440 6,600 0°70 2,000 "000873 
5,079 3,850 0°54 741 "000872 


It only remains to give the still more remarkable results 
obtained with the 2} per cent. aluminium iron 1167 H. 
The rod was turned down to give a length = 260 diameters, 
апа its cyclic curve compared with that of a similar rod 
of S. C. I., both being annealed alike. The result is shown 
in Fig. 14, the comparative experiments being made under 
precisely similar conditions. It will be seen that not only is 
the permeability greater, but also the maximum induction in 
all fields up to about 60 units is greater in the case of this 
aluminium iron than in any magnetic body, including the 
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purest iron, we have yet tried. From a theoretic point of 
view it is a very extraordinary fact that replacing the quan- 
tity of pure iron in a body by 21 per cent. of a non- 
magnetic body should so wonderfully increase its magnetic 


NA - an 

жы mu 

@ GR NE X 

mM Ht 

пайи 

ЕРТЕК 

ESTARE 

жемтік 

mue DN 

ЖАРЫНА та 

СА a Ж ae thor E 
ЖЕ TA 

B A | WS 

:2 

жы ши A. gu 

[de ae ||. - @ 

& d m ETT 

T THE 

Ж | 

EE y 

LIP 7 

іне 

ей 

жж 

км 

mu 


Fic. 14.—Cvclic Curve of Swedish Charcoal Iron compared with Aluminium Iron, 
both in the form of long slender rods. 


qualities. The explanation is possibly to be found in the 
strong chemical affinities of both aluminium and silicon for 
oxygen and the halogens. It may be that the addition of 
a small quantity of these elements by combining with and 
thus removing any oxygen or oxide of iron in the molten 


1902.] RESEARCHES ON DIFFERENT ALLOYS OF IRON. 719 


metal leaves the granules of iron purer and more uniform 
in texture than they otherwise would be. But the question 
is one demanding further investigation. 

In the next Tables XVI. and XVII. is given a summary of 
the hysteresis losses of the specimens of silicon and aluminium 
iron we have tested, compared with ordinary good iron and 
the best Swedish charcoal iron, at the maximum induction 
of 9,000 and 5,000 respectively. 


TABLE XVI. 


HYSTERESIS LOSSES FOR Max. INDUCTION == 9,000 AND FREQUENCY 
= 100 OF RoDs OF SILICON IRON (898) AND ALUMINIUM IRON (1167), 
COMPARED WITH ORDINARY AND PURE Sort Iron (S.C.I.) ALL 


ANNEALED. 
| 9 
Watts. | 
| Hysteretic Microwatts | 
| Mark. Density. Constant PO 
| 1 Per cub. inch. Per tb. | 
(с-сы аы! P са тыты мА м эше сыз RE. 
| Soft iron 7°78 "002 | 42,440 0°695 2°50 
| S.C.I. 7°84 'OOII | 23,340 0'382 1°35 
| 898 E 76 00073 | 15490 |  0'254 o92 | 
| 
| 1167 H 7°56 00068 14,430 0'236 o86 | 
| i I К ЕЕЕ стао а | 
TABLE XVII. 


HYSTERESIS Losses IN S. C. I. AND 898 E (IN FORM OF RINGS), 
COMPARED WITH GOOD Sorr IRON, FOR MAXIMUM INDUCTION 
B — 5,000 LINES PER SQ. CM., AND FREQUENCY 7i — IOO. 


| HYSTERESIS LOSSES. 


| Watts. 
Hysteretic 
Constant Microwatts | 
Mark. 1] per C.C. Per cubic inch. Per lb. 
Soft Iron 0'002 16,576 0'272 о96 
S. С.І. 0'001 1 9,116 0'149 0°53 


898 E 0'0008 7,457 0'123 0°44 
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Herr Kamps has shown, from the investigations he has 
lately published in Stahl und Eisen, that the method and 
duration of annealing is an even more important factor in 
the magnetic qualities of iron and steel than had been 
supposed. A magnetic body can be over annealed as well 
as under annealed ; the duration of annealing depending 
on the composition of the particular specimen of steel. 
Hence it is possible that the aluminium steel alloy may be 
raised still higher magnetically by attention to its annealing 
period. Kamps gives the following data as the highest he 
has reached in very thin strips of selected iron, or mild 
steel, which had been annealed for thirty-five hours :— 


Magnetising force = ISO 
Maximum induction = 17,430 
Remanence = 10,400 
Coercive force ... е = = 0°44 
Hysteresis loss (ergs per c.c.) = 5,770 


A long annealing injured this specimen magnetically. 
The author unfortunately does not give the analysis of this 
iron. 

Messrs, J. Sankey & Sons, of Bilston, have sent us a 
specimen of the iron they manufacture for transformers, the 
permeability of which, by careful attention to annealing, they 
have raised to an unprecedentedly high value. They inform 
us that the actual hysteresis loss of their transformer iron as 
tested by Professor Ewing is only 0°32 watts per lb. for 
B = 4,000 and 100 cycles per second. Using the first two 
letters in the words “ low hysteresis,” they term their product 
"Lohy" iron. Its ageing value is not stated, but experiments 
are now in progress in our laboratory at the College of Science 
in which this is being tested and compared with our silicon 
and aluminium alloys, and with Swedish charcoal iron; 
also, by the immersion in oil of small model transformers 
made of these materials, a direct measurement of the relative 
hysteresis loss is now being made by taking the rise of 
temperature during working at different values of maximum 
induction. 

Taking the maximum induction at 4,000 and 100 cycles 
per second as above, our results show that the silicon and 
aluminium iron alloy carefully annealed are considerably 
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better even than the Lohy iron. The figures are as 
follows :— 


S. C. I. T ... 0°38 watts per Ib. 
898 E. i e. 0:26 „ =» 
1167 Н. Esa e. 0723 ” ” 


The last might probably be reduced even lower by further 
annealing. Experiments are now in progress with a ring 
of the aluminium-iron alloy (only recently obtained) with 
which the cyclic curve and hysteresis loss can be more 
accurately determined. The high permeability of this alloy 
would doubtless be still further increased by reducing the 
carbon it contains and by a slight alteration in the amount 
of aluminium present. 

In conclusion, we desire to thank Mr. S. A. Edmonds, 
senior student in the Physics faculty of our college, for much 
useful assistance he has given in the experimental work in 


the latter part of this paper. 


At the conclusion of his paper Professor BARRETT said :— 


I have brought over some of the actual rods used in these deter- 
minations. These three—Swedish charcoal iron, silicon-iron, and 
aluminium-iron—have been turned true to the same diameter, about 
one-seventh of an inch, and when the length (40 inches) of these rods, or 
wires, is considered, you will see this is a very skilful piece of work, 
done by one of the best mechanicians I have ever known, an Irishman, 
Mr. Michael Lambert. Holding the aluminium-iron vertically, with its 
lower end about a foot distant from this small magnetic needle, you 
will see by the motion of the index, that the north-seeking end of the 
needle is repelled through a large angle. Now I will, without shaking 
it, very gently reverse the long, slender aluminium-iron rod ; instantly the 
magnetism of the rod is completely reversed and the north pole again 
repelled through the same angle, the distance apart being as before. 
That is to say, the vertical force of the earth's magnetism has not only 
magnetised the material powerfully, but so wonderfully soft, in a 
magnetic sense, is this alloy, that its polarity is instantly and com- 
pletely reversed by turning it upside down. With a shorter or thicker 
rod this might be expected, but with a long, slender rod or wire like 
this, upwards of 260 diameters in length, the effect is certainly remark- 
able. Repeating the experiment with a similar rod of Swedish 
charcoal iron, the magnetisation, you observe, is much less and the 
reversal is not so complete. The rods being successively held vertically 
at similar distances from the needle, the tangents of the angles of 
deflection—produced by the magnetisation due to the earth's field— 
measure their comparative permeability. The scale readings (which 


Vor. 81. 


Lord Kelvin. ` 
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are proportional to these tangents) are as follows, exactly the same 
distance being preserved in each case :— 


Swedish charcoaliron ... ... 35, when reversed 15 
Silicon-iron alloy... "e .. бо, т 5 58 
Aluminium-iron alloy... ... 90, 2 - go 


Here is another interesting illustration of the great magnetic soft- 
ness and high maximum induction of.the aluminium-iron, which I 
happened to notice when submitting these alloys to an alternating 
current. When an interrupted or alternating current is sent round a 
magnetic metal, a sound is produced at every break or reversal of the 
current. This is the so-called * Page effect," and gave rise to the first 
telephone by Reiss. The sound is due to the molecular changes 
accompanying magnetisation and demagnetisation. I will now send 
an alternating current round this solenoid, within which I can place 
one of the thin iron rods, the whole being mounted on a sound-board. 
No sound is heard until I insert the rod of Swedish charcoal iron, then 
aloud humming note is heard, due to the number of alternations per 
second and the consequent number of reversals of magnetisation in the 
iron. Reducing the current strength till it is less than an ampere, the 
note becomes hardly audible. Keeping the current strength at this 
small amount and changing the rod for one of silicon-iron a louder note 
is heard ; changing this for the aluminium-iron rod, we сап all hear the 
astonishing increase in loudness produced by the magnetisation of 
this material. The current, the mass of each rod, and their annealing 
are all alike, so that the louder sound is due to the more powerful 
magnetic induction taking place in the aluminium-iron, and its softness 
renders the magnetic lag less. This I think is a novel way of 
exhibiting the relative permeability of magnetic bodies. . Perhaps, 
by a sort of induction balance, it may afford a quick measure of 
permeability. With manganese steel or any of these very low 
magnetic bodies, you will observe that no sound is heard when they 
are placed in the solenoid ; obviously so, for a current enormously 
stronger would be required to make any sound audible in these nearlv 
non-magnetic bodies. | 


Lord KELviN : I am sure we have all listened with extreme interest 
to the paper. The amount of labour which has been devoted to this 
exceedingly important investigation must strike every one present this 
evening. The results speak for themselves. The enormous increase 
in the permeability of iron produced by the addition of 2} per cent. of 
aluminium is certainly a magnificent result, accompanied as it is by 
great diminution in retentiveness. No one can foresee of how much 
value this investigation may be, but I think all of us feel that it may be 
of very great value indeed in respect of the use of iron in transformers. 
Professor Barrett described an experiment in which the heating effect 
was compared in different specimens. That goes at once to the root of 
the matter in respect of the practical application for transformers. It 
was a most interesting experiment, in which we heard the much greater 
sound in the case of a core of aluminium iron than in the case of the 
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core of the very best Swedish iron. That is exceedingly important and 
interesting in many respects; but the fact of there being decidedly less 
heat in one case than in another goes more directly still to the root of 
the matter in respect of its value for use in transformers. I would like 
to ask Professor Barrett one question. While there is very much less 
of heating effect, does the experiment show, with the same transforming 
efficiency and the same amount of kilowatts or fraction of a kilowatt 
transformed, that there is much less heat in the case of the aluminium 
iron than in the case of the Swedish iron? I think one may gather 
from the statement he has put before us that there is; but I do not 
know whether Professor Barrett can give us a definite statement on 
that point. 

Professor BARRETT : May I answer that question at once? I may 
say that we have not completed as yet experiments directly measuring 
the heat produced. Those experiments are actually in progress in my 
laboratory at the present time. I find the following a very simple way 
of getting the result. Simply put a glass tube filled with water inside 
a long magnetising solenoid, with a capillary tube at the end. Then 
put one of the little rods inside, and send an alternating current round 
it for a definite period of time. Тһе water expands, and the amount 
of expansion measures the heat produced in the rod. The energy that 
would be dissipated in the form of heat as deduced from the area of 
the hysteresis curve is given at the end of the paper. "The figures are 
as follows :— 


Hysteresis Loss for Max. Induction = 4000 and 100 Cycles per Second. 


Swedish Charcoal Iron ... site e. 0°38 watts per Ib. 
Lohy Iron... ts ue ids se, O32 3, 4 
Silicon Iron Т alts voi 4 DOM 2 " 
Aluminium Iron ... йы € "= 47286 2; i 


Professor Ewing, I understand, has examined seven specimens of Lohy 
iron made by Messrs. Sankey & Sons, who have furnished us with the 
results so obtained. Very much, of course, depends upon the annealing. 
The above figures are the results as regards the loss of energy expressed 
in watts per lb., as determined by the area of the hysteresis curve, not 
by the actual heating, and are deduced from the Steinmetz constant 
obtained from a maximum induction of 9ooo. 

Lord KELVIN : I am sure we have all been pleased by the answer. 
I think we may take it that there is much promise here of improvement 
in iron for transformers, and also for the armatures of continuous- 
current dynamos. It is not often that a long laboratory series of experi- 
ments leads directly to such important practical results ; and I am sure 
we all wish to express our gratitude to Professor Barrett for having 
taken so much trouble in coming over from Dublin to describe his 
results to us. We all wish to congratulate him on having obtained such 
very interesting and such very important results after so much 
persevering labour. 


Dr. R. T. GLAZEBROOK : I should like to say that I have felt very D 


much interested indeed, especially with the last results that the author 
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ЕЯ has put before us, with regard to the aluminium-iron апа the silicon- 
` iron. As I read his abstract and heard him speak, the suggestion 
crossed my mind as to whether it would not be worth while to insti- 
tute a microscopic examination of these irons, with the view of 
seeing, if we can, what is the small internal change of structure that 
has taken place which has led to such striking and remarkable results. 
We know how much has been due in recent years to the microscope 
with regard to the effect of carbon in iron and the changes that take 
place in consequence of its presence ; the relation between the amount 
of carbon and the tensile strength of the iron, and so on. I venture to 
think that a similar series of researches on the silicon and aluminium 
alloys, which Professor Barrett has brought before us, would lead to 
very interesting and important results, and might possibly enable us to 
get even further than he has done with these strikingly high values for 
the induction and low values for the hysteresis loss. 

Capt. Creak. Captain CREAK, R.N.: I should like to ask Professor Barrett if, as 
he has given us an iron alloy which is non-magnetic, whether it is also 
workable for building ships. The difficulty we have had to face in 
non-magnetic alloys of iron on board ship, is that we cannot utilise 
them. 

Mr. Mr. A. CAMPBELL: There is one little point I should like to raise 

campbell. — with regard to the resistivity of the special aluminium alloy. Figure 2 
indicates that the resistivity of this aluminium alloy comes out very 
high; it seems to be about 45. It appears to me that this, in 
addition to its excellent magnetic qualities, makes it a very 
desirable substance for the construction of transformer plates. 
With such high resistivity we should expect very small eddy 
currents. Thus it would be possible to use very much thicker sheet 
than is necessary іп the usual construction ; in fact we get rid of 
the trouble of eddy currents to a large extent. I should be glad if 
Professor Barrett could assure us of that. 

Mr. Mordey. Мг. W. M. MoRbEY: I should like, if I may be allowed, to make а 
correction. I have only just noticed that in the last paragraph of the 
paper Professor Barrett refers to the ageing of iron. I am sure he will 
be glad to hear that ageing is a thing of the past. Experiments 
initiated by me have been going on for some eighteen months on this 
“lohys” iron of Messrs. Sankey without any sign of ageing. Perhaps 
Professor Barrett has got something better, but as far as I know this 
is the best obtainable commercial iron. He is quite right in saying that 
if ageing occurs it is necessary to re-anneal the iron to get rid of the 
effect; but that does not prevent ageing occurring again in the same 
iron. I ат, therefore, very glad to be able to say that non-ageing iron 
is now to be got. Of course the ageing was not caused directly by the 
magnetic changes, it was only shown magnetically. It was due to heat 
causing a change of physical condition, as I was able to show in a 
paper read beforc the Royal Society in 1896. 

и Prof. BARRETT: І am very glad to hear that “ageing” in iron has 

| been overcome, if Mr. Mordey's statement is contirmed bv longer and 
wider experience. Messrs. Sankey certainly have a wonderful annealing 
process ; but I believe they keep it a secret. | 
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Prof. E. WILSON (communicated): Part IV. of the paper deals with 
a subject of great interest, namely, the effect upon magnetic quality of 
alloying iron with aluminium or silicon. The greatest use of aluminium 
at present is in the purification of iron. From 2 to 5 165. of aluminium 
per ton is sufficient to render the iron more fluid in the ladle and to 
free it from blowholes. At high temperatures aluminium decomposes 
nearly all metallic oxides, and its action in the purification of iron is 
stated to be about twenty times as powerful as that of silicon. One 
would expect, therefore, that the presence of aluminium in small 
quantities might produce a material whose magnetic quality might be 
improved, and that aluminium might be more powerful than silicon. 

About four years ago I published the results of experiments made 
upon very pure iron’ supplied by the Elswick works. It has the 
following composition :—Carbon, trace; silicon, trace; phosphorus, 
поле; sulphur, "013: manganese, o'r, and in the following table I give 
a few figures to compare with the author's Tables XII.—XV. 


Bid Pu Elswick Iron. e p E 
Limits of B. к a 
Ergs. n Ergs. th Ergs. u A 
5,000 QIO | 4,230 І,010 | 4,350 741 = = 
9,000 | 2,310 | 4090 | 2450 | 5490 | — | — | — 
9,440 — — — — 2,000 = => 
10,000 422 3,790 2,860 5,460 me x Бо 
10,200 == — == — -- 5,100 — 
12,000 — -— E 4,900 -- — 6,000 


The above figures show that the Elswick iron, free from aluminium, 
and with a trace of silicon, can have a maximum permeability greater 
than the silicon iron 898 E, but inferior to the aluminium iron 1,167 H, 
and that high permeability is not necessarily accompanied by low 
dissipation of energy per cycle per cc. due to magnetic hysteresis for 
the same limits of B. 

A matter of great importance to engineers is that of the ageing of 
iron. The ageing of permanent magnets is carried out artificially, and 
I believe that a certain firm is prepared to guarantee that a certain 
class of iron, after passing through their ageing process, will not 
exhibit a larger dissipation of energy by magnetic hysteresis for given 
limits of B after a considerable period of magnetic reversals, as in the 
cores of alternate-current transformers. It would be valuable if the 
authors could test their good specimens in order to see if they are 


t See Proceedings Royal Society, vol. 62, p. 369. 
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liable to deteriorate rapidly ; it happens that the best quality at the 
start does not always last so well as a poorer quality. 

Mr. T. W. Hogg' has made some interesting statements in con- 
nection with alloys of aluminium and ferro-manganese. He states that 
one alloy, containing Al. 3:05, Fe. 15, and the rest manganese, is as 
easily attracted by a magnet as iron. In another alloy, containing 
enough manganese and aluminium to destroy magnetism if present 
separately, together the substance is magnetic, though containing less 
iron than in the above alloy. 

To test these points the British Aluminium Company kindly pre- 
pared for the present writer three rings, containing respectively :— 


Al. .. Fe. .. Mn. 
3 den IS 25% 82 
20 БУА 68 Me 12 
20 Ve 80 es — 


Each of these rings is practically non-magnetic when tested by the 
ballistic galvanometer method. One can be easily deceived by testing 
with a magnet to see if a substance is magnetic, as it is difficult to 
differentiate between small and large permeability. 

Referring to alloys of nickel-manganese and iron, I may mention 
that one of Mr. Hadfield's alloys, containing Ni. 25, Mn. 504, C. `8 per 
cent., has a specific resistance of over 88 х 107$ ohms at atmospheric 
temperature? This is in good agreement with the specific resistance 
given by the authors for the alloy 1414 B., Table II. When tested 
for magnetic quality, a ring having the above composition was non- 
magnetic when at the temperature of liquid air ( — 182? C.), and again 
when at atmospheric temperature, nor could it be rendered magnetic 
by heating to 836? C. 

Mr. GERALD STONEY (communicated): There are several points of 
great interest to a practical electrical engineer in this instructive paper. 
First, as regards the non-magnetic alloys, perhaps they may prove a 
substitute for brass or manganese bronze in many cases in dynamo 
building. No. 1313 alloy is practically non-magnetic, and its con- 
ductivity is only about one-seventh that of iron, so that I should expect 
that it would heat less in a magnetic field than brass or manganese 
bronze, which are fairly good conductors. It would be interesting to 
know the tensile strength and elongation of this alloy 1313, and also 
whether sound castings can be made and whether it can be rolled into 
sheets. As regards the magnetic alloys, the increased permeability is 
very important in the aluminium iron alloy if it can be easily cast or 
rolled, and the hysteresis does not increase with “ageing.” The con- 
ductivity of this alloy being so much less than iron will reduce the 
eddy currents proportionally. Eddy current losses in armatures, etc., 
are quite as important as hysteresis losses, and with the same eddy 
current loss plates of double the thickness could be used, a most 


! See British Association Report, 1892. 
? See Electrician, November 9th, 1900. 
з See Transactions Кока! Dublin Society, 7, pp. 67-126, January, 1900. 
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important point both from mechanical reasons and as regards cost of 
building and stamping core plates; for the cost of construction is 
practically as the number of plates in a core and not as their 
thickness; also the insulation space will be less, which is another gain. 

I heartily congratulate the author on his investigations, the im- 
portance of which to the dynamo builder is very great. 

The CHAIRMAN : Before calling on Professor Barrett to reply, I 
think I should say that we are greatly indebted to him for the paper 
he has given to us, because it is full of so much detail. It is very 
valuable to have the results of such experiments brought before us. It 
is very much better than talking on general principles. Certainly 
Professor Barrett has given us an enormous amount of detail. I called 
upon Dr. Glazebrook to see if he had anything to say, because we have 
now established the National Physical Laboratory, and a work of the 
sort that Professor Barrett has been engaged on should surely fall 
within the province of a public laboratory instead of being carried out 
at the expense and the personal trouble of a man who has so many 
other occupations. Of course it is a pleasure to Professor Barrett to 
carry on the experiments ; but now that we have the National Physical 
Laboratory I hope that Dr. Glazebrook will be able to follow the 
investigations further, and perhaps give us some fuller results. There 
is another point in connection with this paper that I should like to 
mention. Professor Barrett said to me that he doubted very much 
whether this was a class of paper which should be brought before the 
Institution of Electrical Engineers, and he doubted it so much that if 
our friend, General Webber, had not successfully drawn him, we should 
not have had him here to-night to read the paper; we have therefore 
to thank General Webber to a certain extent for Professor Barrett's 
very interesting paper. 

Dr. GLAZEBROOK : Sir, may I thank you for what you have said 
about the National Physical Laboratory, and say that we shall be 
glad to give any assistance to Professor Barrett that we can in 
carrying on the research, and to take as much of it as he will hand over 
to us. | 

Professor BARRETT, in reply, said: I was looking forward to the 
time when we should be able to hand over to the National Physical 
Laboratory the whole of this work, because it would be done better and 
with more completeness than I can hope to do it, and with much more 
assistance. The appliances we have used are those obtainable in an 
ordinary physical laboratory, while Dr. Glazebrook will bring to the 
experiments not only his great skill and knowledge, but also a better 
laboratory equipment and site than I possess. Some idea of the 
troublesome nature of the work in an ordinary teaching laboratory can 
be gained when we remember that the magneto-metric results depend 
upon the constancy of the earth’s magnetic field —H. After some 
weeks of work we found that the value of this field had changed, and 
the results were seriously affected. This was due, we found, to an 
attendant placing a row of iron coal-scuttles behind a wall near the 
magnetometer, and some weeks’ work was lost. Then there is the 
leakage of currents from the electric tram-lines that surround the 
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laboratory, which no doubt affects the value of H. We had, thercfore, 
frequently to re-determine the value of H, in the course of the investi- 
gation, in order to get the results comparable. 

Permit me to express my own very great gratitude to Lord Kelvin 
for having come here this evening, especially as he is far from well, 
and also to say how much this research is indebted to a former student 
and assistant of Lord Kelvin's, Mr. Brown, B.Sc., who is now assistant- 
physicist in the College of Science, Dublin. Mr. Brown has throughout 
taken a large part of the drudgery of this work upon his own shoulders, 
for a good deal of drudgery is involved both in the details of the experi- 
ments and the calculation of the results. I wish, therefore, to associate 
his name with the kind expressions that have been used. Mr. Hadfield, 
whose eminence as a steel manufacturer and discoverer of new alloys 
of steel is well known, has devoted much time and money to the 
preparation of this magnificent series of alloys, and I think special 
thanks are due to the public spirit and also the true scientific spirit 
he has shown. 

With regard to the question asked about non-magnetic steels, if I 
understood it aright, it was said that hitherto they could not be 
machined, and so could not be worked in the construction of iron 
ships, etc. This is quite true of the non-magnetic manganese steel ; it 
is much too hard to plane or drill. But this is not the case with several of 
these non-magnetic steels now before you. They are much softer, espe- 
cially No. 1,313, which I have mentioned. The effect of rusting, how- 
ever, is serious in some of them. A question was asked by Mr. Campbell 
about the probable advantage of the high resistance to eddy currents 
of the silicon and aluminiym-iron alloys. The late Professor 
Fitzgerald made the same remark when he heard the results of this 
investigation, and he said to me, “ This will perhaps do away with the 
need of laminatian in transformers, the eddy currents being suppressed 
by the high resistance of these alloys." But, as a matter of fact, I do 
not know whether in practice this will be so or not. The aluminium- 
iron alloy certainly does get very hot when inside a solenoid through 
which an alternating current is passing. When compared with iron, 
using the same strength of current and number of alternations per second 
in each case, in a given time you will find that the aluminium-iron rod 
is hotter than the Swedish charcoal-iron rod. The reason of that is 
that for a given current strength the maximum induction is much 
higher in the aluminium-iron, and therefore, of course, as the magnetic 
flux is much higher one gets greater heating; but if the magnetic 
induction be reduced to the same maximum value in both cases, then 
the aluminium-iron should not be as hot as the best iron, as its 
hysteresis loss is less. 

One important point is the “ageing” of these iron alloys. On 
this, as yet, I cannot express any definite opinion. We all know that 
ordinary iron has to be annealed very frequently when used in trans- 
formers, as it rapidly loses its good qualities. You may, however, 
spoil your iron by over-annealing. I do not know as yet the best 
period of annealing for aluminium-iron ; a number of experiments will 
have to be carried out to ascertain this point, and whether the alloy 
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deteriorates in use. So far as we have tried, it does not seem to alter 
by ageing. We submitted the aluminium-iron for some time to an 
alternating current, and then re-determined the cyclic curve, and it 
came out practically the same. But it must be submitted to a much 
longer and more severe trial before any definite conclusions can be 
arrived at, and that part of our investigation is now in progress. In 
conclusion, I beg to thank you, sir, and the other speakers for the kind 
words which have been said about this paper. 

The CHAIRMAN: It is quite unnecessary, I am sure, to ask you to 
return your very cordial thanks to Professor Barrett for the trouble 
he has taken in preparing this paper, and for making the long journey 
he has made from Dublin in order to deliver it to us this evening. 

The resolution was carried with acclamation. 


The CHAIRMAN announced that the scrutineers reported the follow- 
ing candidates to have been duly elected :— 


Member : 
Hermann Spengel. 


Associate Members: 


Walter Bert Hodgetts. 
Albert Henry Marshall. 
Samuel Dean Schofield. 
Hubert Elwell Smith. 


W. Maxwell Stewart. 

Wm. Court Parsons Tapper. 
James Edward Taylor. 
Harry Bertram Whitmore. 


Russell Oswald Wright. 


Associates : 
Joseph Ainscough. Ralph Nance. 
C. McArthur Butler. Walter Edwin Nicoll. 
Edward Vincent Clark. Ralph Walton Perry. 


George Richard Eric Crawley 
Francis Henry Grace. 

Edwin Rudolph Grote. 

Richard B. Hungerford. 

Wm. Duncan N. Morgan. | 


Charles С. Roberts-Wray. 
Gerald Rhodes Rosevere. 
Мт. Edward Russell. 
Thos. P. Shilston. 
Edward Taylor. 


Wilfrid Lawson Winning. 


Students : 


Alexander C. Anderson. 
Wm. James Bell. 

Gerald S. C. Bodkin. 

John Henry Dowling. 
Arthur B. Duncalfe. 

Chas. Bayly Franklin. 
Chas. Godfrey Friedeberg. 
Chas. Edward Gunner. 


Arthur E. Laurie. 

Walter James Percey. 
Henry Waymouth Prance. 
Douglas H. Remfrey. 
Arthur Bruce Scorer, 

John Henry Todd Strong. 


Wm. Edmund Walden Vincent. 


Peter Wilson. 
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The Three Hundred and Seventy-third Ordinary General 
Meeting of the Institution was held at the Institution 
of Civil Engineers, Great George Street, Westminster, 
on Thursday evening, February 27th, 1902—Mr. 
WILLIAM E. LANGDON, President, in the Chair. 


The minutes of the Ordinary General Meeting held on February 
13th, 1902, were read and confirmed. 


The names of new candidates for election into the Institution were 
announced, and it was ordered that their names should be suspended. 


The following transfers were announced as having been approved 
by the Council :— 


From the class of Associate Members to that of Members— 
John McFall Smyth. 
From the class of Associates to that of Associate Members— 
Arthur Herbert Blagden. 


From the class of Students to that of Associates— 


Thomas F. Allden. Donald Smeaton Munro. 
Walter Ings. Francis Henry Nicholson. 
Arthur Nicholl Moore. R. P. Russell. 


John Newton Arthur Houblon. 


Mr. D. H. Kennedy and Mr. W. Reilly were appointed scrutineers 
of the ballot for the election of new members. 


Donations to the Library were announced as having been received 
since the last meeting from The Comptroller General of Patents, 
Mons. E. Guarini, The Radcliffe Library, Oxford, Mr. F. C. Raphael, 
Mr. J. H. Rider, Mr. H. R. Rogers, and Mr. Stuart A. Russell ; to the 
Building Fund from Mr. W. W. Strode and Mr. W. R. Wynne ; and to 
the Benevolent Fund from Mr. W. E. Russell and Mr. W. W. Strode ; 
to whom the thanks of the meeting were duly accorded. 


The PRESIDENT: I have to announce that the Council have had 
under consideration the propriety of arranging a visit to some foreign 
part during the present year, but after a great deal of consideration it 
has been thought wise not to follow the precedent of last year with 
respect to the present year, but to pay a visit to Italy in 1903. The 
Council are of opinion there will be objects of very great interest to 
many members of this Institution there. It has therefore been pro- 
posed that a visit shall be made to that country, and Dr. Thompson, 
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on behalf of the Institution, has kindly placed himself in communication 
with Signor Colombo, who has given a very hearty response. I will 
ask the Secretary to read Signor Colombo's letter to you. 


The SECRETARY read the following letter :— 
“ КОМЕ, 
* February 21st, 1902. 
“To Professor Silvanus P. Thompson, F.R.S. 

“My DEAR SiR,—I feel greatly honoured by your letter of the 
15th inst., which reached me in Rome, where I came for a few days 
for the inauguration of the Parliamentary Session. I am glad to hear 
that your Institution of Electrical Engineers will make a visit to our 
electrical installations during the week preceding Easter of 1903 ; and 
hope the season will be favourable to your purpose. 

“ You may be sure, my dear sir, that you and your friends will find 
the warmest and heartiest reception from all of us. I place myself at 
your disposal and at the disposal of Mr. McMillan for everything that 
may be thought necessary to ensure the best and most complete success 
of your visit. 

“I will personally take charge of all the necessary arrangements for 
it. You have only to send me a programme of your tour, how many 
days you will remain, and what works you wish particularly to see, 
and accordingly I will prepare a detailed programme of visits, and also 
I will take the liberty of pointing out to you what would deserve to be 
scen in addition to or modification of your programme. 

“There is no doubt that every one of our electricians and industrials 
will be glad to guide you and to open their works and installations to 
you ; and I will of course take care of that in time. 

* Yours very truly, 
“С. COLOMBO.” 


The PRESIDENT : I am sure, gentlemen, you will agree with me that 
we are very much indebted to Signor Colombo for this very hearty 
response to Dr. Thompson's communication. Our thanks are very 
much due to him. Details of the arrangements will be announced in 
due course and circulated amongst the members. I merely make the 
announcement at this early stage so that you may know that something 
is in the wind, and that next year we may hope to pay a very successful 
visit to Italy. 

I am also asked to announce that Mr. Eborall's Howard Lectures at 
the Society of Arts in 1901 are now published by the Society of Arts, 
and may be purchased at the Society's Offices, John Street, Adelphi, at 
IS. 6d. per copy. This most excellent series of lectures will, I am sure, 
interest a great number of members. 

We have now three papers before us all dealing with the same 
subject, but each one in a somewhat different form. Each of the 
authors deals with the subject from the physiological side; but in one 
instance one of the authors also takes into consideration what I may 
perhaps term its material branch. The papers are all of the deepest 
interest. They treat of a question of very great importance, viewed 
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either from a humanitarian point of view or from a material point of 
view. So many instances of what has occurred are brought to the 
surface, that I am sure they will invite and receive every consideration 
from all who are capable of affording us some assistance in the matter. 
What we are all desirous of, is that, if possible, by the investigation 
of the cases instanced, we may arrive at some means by which those 
casualties which unhappily from time to time occur may be prevented, 
or that we may discover some means of rendering better aid than has 
hitherto been in our power under such circumstances. I myself follow 
very much the pertinent question put by Mr. Aspinall in his paper, 
viz., What is it that causes the breaking up of life by elcctric shock ? 
If doctors could place us upon that track, possibly we might then be 
able to arrive at something which would enable us to counteract it. 

General Webber in his paper has incorporated certain suggestions 
that have been put forward for rules with a view to the prevention of 
accidents. Those regulations, which, as you will understand, are more 
suggestions than regulations, are open to discussion. 

In dealing with the discussion, I would like to ask members, where 
they find it necessary to refer specially to any one of the papers, to 
refer to it under the name of the author, so that the authors may be 
able, when the discussion is proceeding, to take note of the points 
which especially refer to them. I propose to take the papers in the 
order in which they are announced on the card, General Webber's first 
and Mr. Trotter's last. Mr. Trotter has some demonstrations to follow 
his paper, and it will be more convenient for them to be taken last. 


ELECTRIC SHOCK AND LEGISLATION 
THEREON. 


By MAJOR-GENERAL C. E. WEBBER, C.B., К.Е., 
Past President. 


The object of this paper is to bring home to the Institu- 
tion and suggest discussion— 


First, on the scientific aspect of the subject of “ electric 
shock." 

Second, on the liability to exposure to electric shock in 
the electrical industries. 

Third, on the information, under which the Government 
was led to place the industry in this respect under 
the incidence of the Factory Acts. 

Fourth, on the events which led up to the inclusion of 
electrical generating and transforming stations in 
factory legislation. 
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Fifth, on the desultory nature of the resistance to the 
measure by the industry, and on the want of co- 
operation by, and organisation of, all parties 
interested. 

Sixth, on the lessons to be learned for future guidance in 
connection with probable legislation, with reference 
to whatever results, if any, the action of the Institu- 
tion and of other bodies, may have secured in this 
particular case. 


THE SHOCK. 


In ordinary speech it is customary to attribute the results 
of electric shock, if fatal, to failure of the heart’s action. 
Electrocution is the application of a powerful electric 
current to the nerve centres. But like all these questions 
which are bound up with the whole subject of the genera- 
tion and storage of energy in physiological structures, the 
ordinary expressions used are very far from being suggestive 
of what actually subsists. For instance, “failure of the 
heart’s action" 15 an expression, to my mind, which is 
wholly misleading ; although harmless, except, in that it 
points the student into a totally wrong path for thinking out 
what really occurs. The underlying fallacy 15 that the 
heart is a pump, in the sense of being the sole source of 
energy in a system of hydraulic distribution, and that the 
energy expended in the circulation of the blood is developed 
only in the heart. No engineer can accept this theory for a 
moment. No physiologist who is always face to face with 
the perfect balance and distribution of forces in what .we 
call * nature," if he is also an engineer, but must see the 
fallacy in such a proposition.' 

It is quite clear that the energy expended to keep the 
blood circulating acts at every part of the blood’s path, and 
that the share borne in the act of contraction and expansion 
of the heart is only a share for the purpose of the special 
duty the heart has to do, and probably not greater in pro- 
portion to the volume of blood dealt with at each pulsation 
within the heart, as compared with the whole volume of 
blood in the body. Any engineer at once appreciates that 


' Helmholtz estimated that the effort of the muscles of the heart in con- 
traction and expansion is expressed by the raising of its own weight—nine 
ounces—through 20,250 feet in one hour. His conclusion was derived from 
the measurement of the blood pressure in the large passages. 
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theoretically energy is most usefully applied at the points 
where the friction is greatest, that is, at the thousands of 
points where the blood has to pass through a capillary, the 
channel in the membrane of which is so small in diameter 
that the corpuscle has to be elongated to get through it. 
Remember, every particle of blood must pass through one 
of these minute conduits more than twice in a minute. 
Approximately speaking, the greater portion of the energy 
used in maintaining the circulation is expended at the 
myriads of points where the capillaries are situated. 

It is not the object of my paper to attempt to follow the 
history of the generation, storage, and distribution of energy 
within a living organism, but it is my object to draw the 
minds of my audience to any evidence that may exist in 
favour of the theory that the arrestation of the circulation 
is due to some check or stoppage of the distribution of 
energy to all parts of the path of blood circulation, notably 
to the capillaries, and most notably of all, to those capillaries 
which are cutaneous. 

It is at some point on the skin that electric shock is 
communicated. Are the further effects on the mass one or 
other of the following, or, are they due to both ?— 


(a) By means of a nerve conductor direct from that 
point on the skin to a centre, where some vital 
nerve structure is shattered ; or 

(b) By being distributed over the whole surface of the 
skin, destroying the nerve power of the capillaries, 
and thus arresting the circulation at thousands of 


points. 
These, and similar questions connected with the engin- 
eering of physiological structures, are well worthy the 
attention of the thoughtful electrical engineer.' 


! [t is true that the engineer has not much practice in the flow of an 
homogeneous liquid through a system of elastic tubes, as has the physiologist. 
But his studies lead him to understand the conditions of, intermolecular 
friction, surface adhesion, effects of surface on flow of irregularities, eddies, 
fluid viscosity, and even the effects on flow of the elasticity of the walls of 
tubes. It will not be uninstructive to him to study the journey of the blood, 
which makes an entire circuit during the time occupied by about 28 pulsations. 
He may realise the object of, and the work done by, pulsation, subject to the 
effect of the resistance to flow which lies in the passages through the 
membrane situated in every capillary, although the length of such passage 
is only ұұтууу ОҒ an inch. And as an electrician he may learn something 
from the study of the process of dialysis in the membrane, accelerated as it 
doubtless is by the presence of electrodes on each side of it. 
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A reference to a few experiences of which we have 
record may assist our consideration of this interesting 
question. 

It was in the year of my occupation of the Presidential 
chair (1882) that Dr. Stone and Dr. Kilner turned our 
thoughts to the action of electricity on the human organism, 
for curative not destructive purposes. The paper refers to 
the knowledge on the subject recorded in the proceedings of 
the Congress at Paris in 1881, and to the experiments on 
resistance of skin and tissues of Professors Eckhardt, Frank- 
land, and Matteucci. Generally they described these curative 
currents as having an E.M.F. of 2 volts and 20 to 30 
milliamperes. The figures! given showing the result of 
experiments on the variation of resistance of the human 
body are very interesting. 

In 1884 Dr. Stone read us a paper on the physiological 
bearing of electricity on health, in which he also referred 
to death by shock, and he insisted on going further aheld 
than the accepted theory of simple shock or syncope, and 
described post-mortem appearances resembling the thrombosis 
or coagulations of blood in one of the larger vessels as being 
as accessory to death causing asphyxiation. 

As regards the resistance of the skin in health, Dr. Stone 
gave evidence of his having brought it down to 500 ohms 
by special treatment, all of which points to the path of least 
resistance being in the pores, and of its variation under a 
state of disease or when any one's occupation entails 
metallic impregnation of the skin. 

In 1883 Mr. Crompton wrote to the Institution on the 
subject of “shock,” due to what he called the “ extra 
current," caused in an organism when it forms a shunt to a 
normal comparatively low current. The ratio between the 
“normal” and the “extra,” he wrote, is probably directly 
proportionate to the magnetic moment of the whole circuit. 
He drew attention to the innocuous nature of the shock 
received when adjusting arc and glow lamps in parallel, as 
compared with the current due to the effects of “magnetic 
change” in a high-tension series system. 

As regards the conditions, when any part of a human 
organism forms the path of a current, he came to the 
conclusion, that, with what was then known as a continuous 
current, “safety,” i.e., freedom from painful injury, with a 
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quantity of, say, 25 amperes, lay “between the limits of 
300 and 400 volts." 

In 1884 Mons. C. M. Gariel, in L’Electricien, mentions the 
results of the examination of the bodies of two men who 
were killed by an alternating current of 500 volts. He 
considered that the electricity acted indirectly by partly 
suspending the action of the nervous system, the suspension 
causing death. In the case of one of the men killed the 
heart was found to be empty, in the other case it was full. 
He argued * that it was far from having been proved that in 
the action of electricity on organised beings, it is the 
intensity of the current which can be taken as a measure of 
the effects produced." 

In 1887 Mons. A. d'Arsonval, for the third time, took up 
the subject of the physical effects of electric shocks. His 
researches were based on the suggestion that different 
physiological effects might be expected from а static 
machine, from a battery, from dynamos for producing 
continuous and alternating currents, as well as with the 
apparatus used for transformation. He referred to pheno- 
mena and to injuries which varied with the conditions. 

He considered that electricity causes death in two ways, 
namely, by— 


I. Direct action, causing mechanical disruption and 
distortion of the tissues. 

II. Indirect or reflex action, acting on the nerve 
centres. 


He concluded that in the first case death is certain ; 
that in the second, often a condition is produced in which 
consciousness may be restored by practising artjficial 
respiration. 

With the appliances at the disposal of himself in 1887, 
and of other scientists whom he quotes, such as Berlioz, 
M. d'Arsonvals researches were those of a most dis- 
tinguished physiologist, who for the first time found himself 
handling machinery, the energy obtainable from which was 
very large, as compared with the small laboratory generators 
of the past, the use of which had been studied more for 
constructive than destructive purposes. 


! Known as the Tuileries Garden accident. 
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At апу rate at that time he felt himself constrained, as 
the result of his researches up to that date, to urge the 
immediate use of artificial respiration in case of syncope 
from an electric shock. 

These observations led in 1894 to the issue by the 
French Minister of Public Works of a set of instructions for 
the immediate handling and treatment of the bodies of those 
who have been subject to electric shock. This treatment is 
very similar to that used on the persons of those who haye 
been suffocated. 

They were drawn up by a committee of the Academy of 
Medicine, of which М. d'Arsonval was a member. They 
have been more or less imitated here and in the United 
States. 

In a pamphlet written in 1888, entitled, “Тһе compara- 
tive danger to life of the alternating and continuous electric 
currents,” by an electrical engineer, Mr. Harold P. Brown, 
of New York, we find reference to the sacrifice in that 
country of so many lives through, as he stated, “ criminal 
economy in electric lighting,” that he considered legislative 
control of the subject to be imperative. 

Previous to that, I think, it may be safely asserted that 
“careless methods” were the rule in the United States. 
The danger was emphasised in the case of the use of 
high-tension currents for the wide distribution of arc 
lighting, through the excessive climatic wear and tear of a 
rigorous climate on the plant in overhead lines, and, 
through the habit of practically grounding circuits by 
providing badly insulated or insufficient metallic return 
or by neglecting leakage when theoretically they were so 
provided. 

Mr. Harold Brown iargely dwells on the difference in 
danger to life from the shock of an alternating and con- 
tinuous current. He complains of the violence of the 
opposition to this and the personal abuse to himself of the 
“representatives of the alternating companies.” The con- 
troversy, which extended over a considerable period, was 
stimulated by the commercial interests of the advocates of 
alternating current working. 

Experiments on animals, which in this country would 
come under the control of the Vivisection Acts, were made. 


These, and other officially made experiments, determined 
Vor. 81. 9 
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methods for the execution of criminals by electricity which 
became law in the United States іп 1889. The use of the 
alternating current for electrocution was" decided оп, 
supported by a report of a Medico-Legal Society Com- 
mittee. At the same time the effect of the controversy 
was to push on protective legislation in :the United 
States. 

In the meantime, with rare exceptions, the pioneering of 
electrical distribution in these Kingdoms was begun under 
engineers who had made up their minds that no quick 
returns and no immediate evidence of activity in enterprise 
would justify superficial or unsound work in systems of 
distribution. That the cost thus entailed on undertakings 
at the outset appeared prohibitive and retarded progress, 
goes without saying. Hence the startling difference between 
the deadliness of the alternating as compared with the 
continuous current has never been so prominently before 
our public as in the United States. 


In the experiments that were made in 1888 in the United States on 
animals, such as dogs, horses, and cows, the evidence sought for has 
apparently been to discover roughly what would give pain, or injure 
without killing, or, actually the conditions of current which would kill 
and in doing so would give as little pain as possible. As a preliminary 
to reallv scientific research those trials are so far of use, but they are 
necessarily very crude. For instance, the mere fact that tests of the 
comparative resistance between contact on the fore and hind legs of 
dogs of almost similar weight varied between 8,000 and 200,000 ohms : 
showed that all the conditions of skin surface were not investigated. 
In respect to insulation, the construction and manner of attaching the 
poles, suggested conditions capable of producing considerable differences 
of resistance. In the case of a horse the attachments were immediately 
above the knee of each foreleg. In that of a calf one electrode was 
applied to the forehead between the eyes, the hair being first clipped, 
the other was applied to the left side of the spine, back of the shoulders. 
Between the electrodes in several cases the resistance was about 
1,300 ohms. Death was inevitable with an alternating current at 750 
volts applied for five seconds. 


As, in these experiments, killing was what was wanted, all 
delicate investigation was omitted ; for instance, the actual 


* Dr. Stone in 1884 spoke of the resistance of the human body, which 
varied between 500 and 100,000 ohms, as entirely due to the condition of the 
skin, which he referred to as an “ epidermis of gutta-percha.” 
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resistance of the skin which covered the bodies of the 
subjects while still alive ; also, the resisting power of each 
part of the skin, for example, under the conditions of what 
is understood as “pores open or closed," were not investi- 
gated.! 

Throughout, the experimenters assumed that the current 
travelled through the body from one electrode to the other. 
They also jumped to the conclusion that in its passage it 
was “diffused in the tissues," and that it thoroughly 
* permeated" the brajn and nerves. In fact, they knew 
little about it; all they knew was that they “killed.” 
As in the case of the discussion on a paper by Mr. Wyman 
on electrocution, which took place at the meeting of the 
Convention of the American National Electric Light Asso- 
ciation in 1889, every consideration was subordinated to the 
minimising of “ cruelty.” 2 

In that case those representing the electrical engineers 
of the United States had to deplore (as we lately have 
had reason to do), that, matters of more pressing interest 
had intervened to prevent them considering the question 
until after legislation had been decided:on in New York 
State. 

In 189r there is a paper in our Journal on electrical 
shocks by Major Cardew, which in a very accurate manner 
discusses the degrees of danger, not from high pressure, 
fer se, but from the point of view of the greatest quantity 
that can be passed through an organic body without danger. 
He described the then conditions of scientific opinion to be, 
that the effects of the passage of a current as regards injury 
to skin or tissue is probably proportional to the square of 
the current, and that alternating currents, in addition, have 
special paralysing effects on the nerves. 

Professor Fleming, in his remarks in the discussion, went, 

* Lately some very careful experiments have been made in France as to 
the results with the use of electrodes of different metals and covered and 
moistened in different ways. These will be found in the Comptes rendus 
of the Electro-therapeutic Section of “ L'Association Frangaise pour l'avance- 
ment des Sciences." 

? There are many careful thinkers who ascribe the symptoms which 
have followed electric shock more to fright than to actual interference with 
the working of the system that upholds our vitality. They point out that 
actual personal injury, say, from the distribution of gas, is much more 
frequent in proportion to the generation and distribution of that article of 
manufacture as compared with that of electricity. How far this danger will 


be increased by the distribution of gas which contains a large proportion 
of carbon monoxide for industrial purposes remains to be seen. 
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I think, one step further, following a sound “trail,” and sug- 
gested the presence of electrolysis of the fluids of the body 
with powerful continuous currents. Besides, he opened out 
the view that all physiological organisms are “both like а 
condenser and like an accumulator.”! The personal ex- 
periences of Mr. Addenbrooke and Mr. Mordey, with 
conductors carrying a high tension alternating current, 
described by him on that occasion, are also interesting. 

There is an interesting article? by Dr. A. M. Bleile, Pro- 
fessor of Physiology in the Ohio State University, on the 
cause of death in electric shock, which brings the subject a 
stage nearer the contention I have put forward at the begin- 
ning of my paper. He killed the dogs on which he operated, 
easily, with an alternating current having a periodicity of 
130, at an E.M.F. of under тоо volts, and under 1 ampere. 
The product of the volts into the amperes, into the seconds, 
(joules) is surprisingly small. The condition of the heart 
and arteries, as found by immediate autopsy, led him to the 
* exclusion of a direct effect upon the heart." 


By administering the shock to animals under the influence of 
atropine, the theory that the current immediately strikes the pneumo- 
gastric nerve stimulating those fibres which control the heart had, in 
his opinion, to be abandoned, because the animals were not rendered 
more resistant by the drug. 

He found that immediately after death incisions into the body were 
not followed by bleeding, and that the arteries were contracted. This 
suggested to him that the current had acted on the arteries through the 
nerves which control their diameter. He then dilated the arteries in 
the subject under experiment with the hypodermic use of nitro-glycerine. 
A current (namely, 50 volts '24 ampere for four seconds) administered 
under the influence of this drug, which should have caused death, was 
not fatal ; the effects passed off and there was recovery. However, 
97 volts "54 ampere for one second, killed. Under the influence of the 
inhalation of the nitrite of amyl, a substance which produces the same 
effect, namely, dilation of the arteries, fatal shocks were applied without 
producing death. Dr. Bleile concludes :— 


“It would appear, therefore, that death in electric shocks 


1 Mons. M. С. Weiss, іп Tournal de Physique, 1897, describing the 
polarisation of organic tissue as proportional to their length and inverselv 
as their section, compares a muscle to a mass of particles which polarise, 
“thus acting as small accumulators.” 

2 Transactions of the American Iustitule of Electrical Enginecrs, August 
and September, 1805. 
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is entirely due to the fact that the current produced a con- 
traction of the arteries through an influence on the nervous 
system, and that this constriction throws in such a mechanical 
impediment to the flow of the blood as the heart is unable 
to overcome.” 

I hope I may be pardoned if I make so bold as to suggest, 
that where effective contraction takes place is in the chan- 
nels of the capillaries, and, that it is the afferent nerves that 
actuate them which are locally paralysed. 

By the expression “ electric shock" the Factory Inspectors 
under the Home Office have sought to define the physical 
injury from contact between the animal structure and 
opposite poles of electric conductors. Legislation has. 
now been brought into operation at the instigation of 
the Home Office in the Workshops and Factories Act 
of 1901, by which it is sought to afford protection to 
some persons whose employment exposes them to the 
possibilities or probabilities (as the case may be) of such 
contact. 

It should be interesting to electrical engineers to trace 
how this enactment has come about, and also to discuss its 
wisdom, and whether and how far it is effective for the 
benevolent purpose for which it is intended. 


LEGISLATION. 


The origin of the Factory Acts was to provide protection 
for those who, owing to necessity and force of circumstances, 
could not protect themselves. It isa question whether, when 
that was achieved, the benevolence of later legislation has not 
carried the theory too far, and has not reversed the effect 
of the original motive that stirred the strong to protect the 
weak. I mean whether it was not quite sufficient to have 
provided means of protection for women and children and 
to have left full-grown men with their powerful trade 
organisations complete independence to E employ- 
ment under any conditions they please. 

If examples in which various kinds of work can be per- 
formed with every kind of personal protection from injury 
which science can invent were necessary, such precautions 
should, I venture to suggest, have been first made the rule in 
State workshops, such as dockyards and arsenals. There is 
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little doubt that if the accident insurance societies had then. 
been brought under State supervision, and the rates of insur- 
ance settled inversely as the employer’s precautions were 
more perfect, the question would have settled itself in a way 
far more in the real interests of the protection of the person 
of the employed than by the elaborate, complicated, and 
unequal, system of inspection that has been inaugurated, the 
incidence of which tends more and more to unnecessary 
expenditure on the inspection itself and on empirical 
precautions, and, to relieve the employers from real 
responsibility. 

No one can read the elaborate annual reports of that 
earnest body of public servants, the Factory Inspectors, 
without being impressed by the evident (and to be ex- 
pected) pressure that is put on them to spend their intelli- 
gence on elaborate speculation as to the mechanical cause 
of accidents and on expedients to prevent them. These 
are necessarily not the outcome of the experts in the trades, 
and they often leave entirely out of sight the limitations 
put on the industries affected. 

In 1895 a Departmental Committee was appointed by the 
Home Secretary to report as to the effect on the health of 
operatives of certain miscellaneous industries, trades, and 
processes, and in the list of about twenty dangerous ones 
was included “ Electrical Generating Works.” They issued 
reports in 1896, 1897, 1898, and 1899, and in their interim 
report of 1897 they dealt with electrical generating works. 
Four years later, іп 1901, we have had the legislation in 
consequence of that report. Electrical transforming places, 
which are included in the Bill, seem to have been an 
afterthought. 

That part of the Factories and Workshops Act Amend- 
ment Bill as drafted by the Home Office to bring electrical 
generating stations within its operation was as follows :— 


“Clause 45.—There shall be added to the list of non-textile factories 
in Part I. of the 4th Schedule to the principal Act the following : 
Electric stations, that is to say, any premises in which electric energy 
is generated or transformed, either for the purpose of supply by way 
of trade, or for any purpose incidental to any other business except the 
transmission of signals or messages.” 


In the natural course a Bill of this nature came auto- 
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matically at its earliest stage under the observation of the 
London Chamber of Commerce, but it was only through 
that fact, the writer, who is a member of the Electrical 
Section of the Chamber, moved the Council of the Insti- 
tution of Electrical Engineers, on the May 24, 1901, to take 
it up and to refer it to a Committee. 

The motion was— 


“To ask leave of H.M. Secretary of State for the Home Depart- 
ment that a deputation of the Council of the Institution of Electrical 
Engineers may approach him to urge and explain their views on behalf 
of the electrical engineering profession, viz., that electrical transform- 
ing stations should not be included in Clause 45 of the Bill now before 
Parliament, by which it is proposed to bring the places in which energy 
is transformed under the same regulations and inspections as the 
stations in which it is generated.” 


The Committee nominated was Sir Henry Mance, Mr. 
H. W. Miller, Mr. W. H. Patchell, Mr. Alexander Siemens, 
Mr. R. P. Sellon, Mr. R. W. Wallace, and Major-General 
Webber. On June 3rd the Committee met. 

A letter from the Council of the I.E.E. to the Secretary 
of State was written on June 25, 1907, to the effect, that, they 
had carefully considered the probable effects on the indus- 
tries which are engaged in the public supply of electrical 
energy by the inclusion amongst the definitions in the 
F actory and Workshop Acts Amendment Bill of the 
premises in which electrical energy is generated and 
transformed. 

It was pointed out that the Institution represented the 
interests of a very large number of members—nearly 4,000 
—all of whom were more or less engaged in the generation, 
transformation, and application of, electrical energy. Fear 
was expressed that if the industry were brought, as proposed, 
under the terms of the Factory Act, such action would prove 
detrimental to its progress, while it could in no way modify 
the responsibility of the employer in respect of the 
Employers' Liability Act. 

The entire abandonment of the inclusion of the proposed 
Section 1 of Clause 45 as quoted above was urged, with the 
alternative that, if this course could not be followed, such 
provision might be made as would insure to the industry, 
through the medium of the Institution of Electrical Engi- 
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neers, that, in. case of any irreconcilable difference arising 
between a factory inspector and a statutory electrical under- 
taker as to any requirement of the former, the same would 
become a subject of special reference to an expert, in which 
reference the Council of the Institution would have a recog- 
nised status to watch the inquiry on behalf of the industry 
as a whole. 

To the above the Council received a reply dated July 
13, 1901, to the effect that the Home Secretary “ attached the 
greatest possible importance to the support and co-opera- 
tion of the Institution of Electrical Engineers, and that 
while he could not omit front the Bill the proposals which it 
contained on this subject, and which only declared definitely 
the law as now generally accepted, he would certainly be 
prepared before applying any new regulations to electric 
works to consult the Institution." Не added that “ he would 
also see that in any action taken as to the enforcement of 
such regulations the Factory Department should have the 
assistance of expert advice." 


PRELIMINARY INVESTIGATIONS. 


At this stage let us go back for a little space to what had 
occurred in 1897 when the Dangerous Trades Committee 
reported on electrical generating works. The Committee 
-was composed as follows: Mr. H. J. Tennant, M.P., Mrs. 
M. S. Tennant, Dr. Oliver, Е.К.С.Р., Commander H. P. 
Smith (retired), R.N., Inspector of Factories. Added to 
their number was Mr. C. V. Boys, F.R.S., whom as a 
Professor of Phvsics many of us know. They stated that 
one or more of them had visited twenty-six generating and 
sub-stations, that they had examined witnesses, and that 
they had been assisted by Major Cardew, Sir David 
Salomons, Professor Ayrton, Dr. Hopkinson, Professor 
Kennedy, Professor S. P. Thompson, Mr. F. Bailey, and 
Mr.Swinburne. The preamble of their report is an excellent 
description of what constitutes an electrical generating 
station, and of the process of manufacture of, what, the 
magistrate at Bilston later on in 1899 “believed to be an 
article of commerce, when generated by way of trade and 

! Though. no doubt the law officers of the Crown were consulted, appa- 


rently the only support of this statement is the Bilston case of 18909, referred 
to further on. 
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for purpose of gain,” and therefore an “article within the 
meaning of the Act.” 

There can be little doubt that the above-named descrip- 
tion, however popular in its language, is too technical to 
have been worded by any other member of the Committee 
than Professor Boys. Similarly in a description of the 
dangers to shock of working there is every evidence that it 
could have been drawn up by no one but an accom- 
plished theorist. The only scientific work of any other 
member of the Committee which is actually identified is 
that of Dr. Oliver, who carried out some experiments on 
animals with the view to ascertaining the actual cause of 
death following an electric shock. There then followed 
twenty-two recommendations of the Committee, for regula- 
tions, which are given below in extenso. 


REGULATIONS PROPOSED IN 1897 BY THE HOME OFFICE COMMITTEE. 


(1.) The frames and bed-plates of all generating machines shall be 
efficiently connected to earth. 

(1.) The rails fencing dynamos or other generating machines shall 
be made of wood or other non-conducting material. 

(iii. АП terminals, collecting brushes, main connectors, parts of 
dynamos, motors, or other appliances, to which neither Regulation 
No. (vi.) nor No. (vii.) applies, shall be so placed, covered, or fenced, with 
non-conducting materials, that no person can touch accidentally, either 
with his body, clothing, or any conducting tool, two parts differing from 
each other by an amount which constitutes a high pressure. This rule 
is to be read in connection with No. (iv.) 

(iv.) The floors of all places where it would be possible in make con- 
nection with metal at high pressure shall be covered with an insulating 
mat of suitable material, and kept in a state of efficient insulation. 

(v.) The material used for wiping or cleaning, the commutator strips, 
or collector rings, or dynamos, motors, or rotary converters of any form, 
shall be applied by means of an insulating handle. 

(vi.) In switch-rooms and on the front of switchboards, the main 
switches, main fuses, main terminals, omnibus bars, and all other 
metallic parts, shall be insulated or arranged in such manner as to render 
it impossible for any person by accident or inadvertence to touch them. 

(vii) The backs of all switchboards shall be kept closed, except for 
the purpose of alterations or repairs. When such work has to be 
carried on either at the back or at the front of switchboards, the 
following regulations shall apply :— 


a. No person except a skilled electrician, or a workman under his 
personal and immediate supervision, shall be employed when 
any part is at high pressure. 
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b. No extensive or serious repairs shall be executed upon metal 
which is at high pressure. 

c. Where the alterations or repairs are not of an extensive or serious 
character, all metallic parts at high pressure shall be covered 
with an insulating cap or protected by some form of insulating 
covering, only one part, or several at the same pressure, to be 
exposed at any one time. 


(viii.) All switchboards crected after the application of these Rules, 
shall have at the back, a clear space of at least four feet. This space 
shall not be utilised as a storeroom or lumber-room, or be obstructed in 
any manner. 

(ix.) Any person at work upon a cable or portion of the mains under 
high pressure shall wear indiarubber gloves on both hands. 

(x. All aérial high pressure conductors in factories or workshops 
shall either be insulated over their entire length, and supported at such 
frequent intervals that in the event of breakage they shall not come 
within reach at places where persons are liable to pass or to be 
employed, or shall be so placed and arranged as to comply with the 
requirements relating to such wires in streets enjoined by the Board of 
Trade. - | 

(xi.) The gloves shall be supplied by the occupier, and it shall be the 
duty of the manager to see that they are in a proper state of repair, and 

are worn by the workpeople. 

(хи.) No examinations, repairs, or alterations necessitating the han- 
dling of mains, wires, machines, or other apparatus, shall be carried on 
except in cases of urgent necessity, while such parts are under high 
pressure, and all such work shall be done under the personal supervision 
of an electrical engineer or competent manager or foreman. 

(х111.) Where operations are being conducted upon mains from 
which the current has been cut off, the switch shall be locked, and 
precautions taken that it shall not be unlocked except by the person in 
charge of the station, on his being satisfied that the danger is at an end. 

(xiv.) Every vessel used for lubricating purposes shall be so con- 
structed that it cannot act as a conductor between the hand and 
anything touched. 

(xv.) Metal transformer boxes shall be efficiently connected to earth, 
and so constructed that in the event of “running to frame” the earth 
connection will not be broken by the removal of the fuse box or any 
other part of the box. 

(xvi.) Transformer cases, iron ladders, and all permanent metallic 
parts contained within the transformer chamber and not forming part 
of the electric circuit, shall be metallically connected together. 

(xvii.) All holes in transformer cases through which high pressure 
conductors pass, shall be lined or bushed with suitable and effective 
non-conducting material. 

(xviii.) All high pressure connections within a transformer chamber 
shall be so protected with insulating material that it shall be impossible 
to touch them. 

(xix.) Switches which can be conveniently operated from the outside 
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for cutting off both the high and low pressure connections of the trans- 
formers, shall be fitted in all transformer chambers erected after the 
application of these Rules, and in all existing chambers, unless it is 
proved to the satisfaction of His Majesty's Chief Inspector of Factories 
that such an arrangement would be attended by special difficulty. 

(xx.) Each post or support where series arc lighting is employed 
shall be provided with means for completely disconnecting the arc 
lamps from the mains, without disturbing the action of the other lamps. 

(xxi.) All persons engaged in electrical works shall be made fully 
aware of the dangerous parts of the machinery, cables, and their 
connections, and shall be practically instructed in methods of artificial 
respiration—that known as SYLVESTER's is both simple and efficacious. 
Rules for artificial respiration, and for the restoration of persons ap- 
parently killed or injured, shall at all times be kept affixed in the station. 
All persons engaged in the works shall thoroughly understand these 
rules, and be capable of putting them into practice. In the event of a 
person being rendered unconscious by an electric shock, artificial 
respiration shall, on the careful removal of the body from its electrical 
contact, be at once resorted to, and aqualified medical man immediately 
summoned. 

(xxii.) All accidents occurring in generating stations or transformer 
chambers shall be notified according to the provisions of Section 18 of 
the Factory and Workshop Act, 1895. 


It is trusted that these suggested rules will be subject to ` 
criticism in discussion, but I would ask station engineers to 
consider— 


a. The power of rendering it impossible for any person 
inadvertently to touch two parts of all apparatus 
which differ opposingly under high pressure, as laid 
down in iii. and vi. 

b. What constitutes a “skilled electrician” in уп. If he 
takes a “workman” with him behind а switch- 
board, is he to be responsible for the results of the 
man's possible carelessness ? In the same rule what 
is the meaning in (c) of the words, * only one part 
or several at the same pressure " ? 

c. Rules xiii., xv., xvii., xviii., xix. and xx., which all refer 
to parts of a system of distribution, that has nothing 
to do with generation or manufacture, except, in so 
far as lies in the contention, that transformation 1s 
to be regarded as part of the process of making 
electricity for purposes of sale. 


748 ASPINALL: ELECTRIC SHOCKS. [ Feb. 27th, 


ELECTRIC SHOCKS. 
By F. B. ASPINALL, Member. 


I bring this question before the Institution principally 
with a view of obtaining particulars of severe electric shocks 
which have not proved fatal; and therefore trust that any 
one who, from his own experience, can give particulars of 
cases, will kindly do so. My reason for trying to obtain 
this information is that I believe we, as electrical engineers, 
can render great assistance to the medical profession by 
doing so; and possibly by enabling them to tell us some 
better methods of rendering aid to those who, unfortu- 
nately, are the victims of accidents, we shall be well 
repaid. 

1 have been personally deeply interested in this subject 
for some years, and have collected from my own experience 
and that of friends both in this country and abroad, par- 
ticulars of as many cases as possible. I have also, whenever 
1 could, made it a rule to see the man who received the 
shock, and also any witnesses. All cases, therefore, which 
I have chosen as of sufficient importance to mention in this 
paper are, to the best of my belief, thoroughly accurate and 
reliable. In obtaining this information I have been much 
struck by the fact that it is most difficult to obtain a really 
accurate description from the victim or witnesses of what 
actually does occur, and this can hardly be expected when 
one considers the circumstances ; but still, if I only mention 
what they are absolutely certain about, these cases can be 
taken as fairly typical. 

| should like to say that, not being a doctor, I have no 
medical knowledge, and therefore trust that any medical 
men reading this paper will take this into account if I say 
anything which to them may seem absurd. 

In discussing this question with my personal friends in 
the electrical profession I find there are many points upon 
which more information is required, and I think these 
points may be best summarised as follows :— 


r. Is every one equally susceptible to an electric shock ? 
2. Is a person suffering from disease more liable to be 
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fatally injured by an electric shock than a person in 
good health ? 

3. Does the physiological condition vou are in at the 
time you receive a shock make any difference ? 

4. Does the path which the current takes through the 
body have any effect as regards the shock proving 
fatal ? | 

5. Does the question of contact made, and whether 
burning takes place or not, have any effect as 
regards the shock being fatal ? 

6. Can a person receive a fatal shock without giving the 
cry, and also can he speak after receiving a fatal 
shock ? 

7. Isanalternating or a direct-current shock more likely 
to prove fatal ? 

8. Cannot the Medical Profession give us some more 
certain method of saying whether a man is dead or 
not ? 

g. Cannot something more be done than at present to 
help those who receive a severe shock ? 


I will now proceed to discuss these points separately. 


I. Is every one equally susceptible to an electric shock ? 


In considering this question, I believe I am stating the 
opinion of the medical profession when I say that there is 
no absolutely reliable proof whether every one is equally 
susceptible or not. Dr. Oliver, in Allbutt’s System of Medi- 
cine, vol. v., page 856, says: “We have no positive proof 
that one individual is more susceptible to an electric shock 
than another. It is, as already stated, rather a question of 
the amount of current, and whether it wholly enters the body.” 

My own opinion 1s, and I hope to prove it in this paper, 
that not only are different people differently affected, but the 
same person under different conditions does not feel the 
same. Of course, # one could obtain two people alike in 
every respect and subject both of them to exactly the same 
voltage and current, and also in every respect get the same 
conditions, no doubt they would both feel the same, although 
they might describe it differently ; but when it is considered 
that moistness, callosity, and condition of skin, nervous 
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temperament, the path which the current takes through the 
body, health or disease, drunkenness or sobriety, whether 
the sufferer is awake or asleep, area, the excellence and 
nature of contact, familiarity with shock, and no doubt 
other causes, as I shall point out later on, all play most 
probably an important part in deciding what one feels, I 
think my opinion will be accepted. 


2. Is a person suffering from disease more likely to be fatally 
injured by an electric shock than a person in good health ? 


As an electrical engineer this is a most dithcult matter 
for me to discuss ; but from cases which have come under 
my own observation, and which I have heard of from 
friends, in whose veracity I can place the most implicit 
confidence, I think I can prove that this question is of 
the utmost importance. Some years ago a number of 
friends were in the habit of measuring their resistance 
periodically, and it was found that one man was always 
the lowest, although they all varied. This man was also 
abnormally sensitive to an electric shock, as he could feel 
even so low a voltage as that from three Leclanché cells. 
It was afterwards found that he was suffering from kidney 
disease, and although I should very much like to measure 
the resistance of others similarly affected, І am afraid to do 
so in case 1 might injure them. This seems to indicate that 
the resistance of the body may be altered by disease, and it 
1s most probable that the skin, by fulfilling the functions 
which by rights belong to the kidneys, had a lower resist- 
ance due to the impurities thus removed from the body. (It 
is well known that in kidney disease the doctors give medi- 
cine to make the skin help the kidneys.) 

In a central station I was connected with, it was the habit 
of the men to give an electric shock from a magneto-machine 
to visitors, and although it was found that different people 
seemed to feel differently, yet one boy could stand more 
than any one else. He was, however, unfortunately of weak 
intellect. Another case of which I have heard was at a bazaar, 
where money was placed in a bowl of water charged from a 
Ruhmkorff coil. One woman took the money out every 
time, and had to be paid to go away as she nearly made 
. them bankrupt. She also was of weak intellect. No doubt 
this insensibility was due to the brain being affected. 
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‘It appears, therefore, fair to say that a diseased person 
may be either more or less susceptible according to the 
disease he may be suffering from. 


3. Does the physiological condition one is in at the time a shock 
is received make any difference? 


The first point which naturally occurs to one is, does a 
person in a heavy perspiration stand a better chance than 
one who is in a normal condition 2 and to illustrate this, 1 
think I may quote the following case :-— 

“T.” had been doing very heavy work which made him 
perspire freely ; to rest himself hesat down on a transformer, 
which was earthed, and in leaning back his head touched an 
inner terminal; as the outer was earthed he received a 
2,000-volt shock. The man was wearing a thick flannel 
shirt, which was wet with perspiration. The result was that 
he received a most severe shock, a hole being burnt in his 
trousers, and the back of his head and buttocks were severely 
burnt. This man, I think, should have been killed, but he 
was not even insensible. Surely this seems to show that the 
sweat shunted the current, thus saving his life ; although the 
burning probably protected him, as I will show later on. 

Again, would a man, when drunk, be less liable to be 
fatally injured ? and to illustrate this I give the following 
case :— 

“F.” was working in a transformer station asa labourer, 
and touched.an inner terminal with one hand and an outer 
with the other, the potential difference being 2,000 volts. 1t 
was found out afterwards that the man was a heavy drinker, 
and was under the influence of drink when he received the 
shock, which did not even make him insensible. It is only 
fair, however, to state that his hands were exceptionally 
callous, due to the fact that he had been working as a gas 
stoker, and also that his hands were severely burnt. Рег- 
sonally, however, I think the man received quite enough to 
kill him, and his being drunk had something to do with his 
not being killed. 

Next, are persons less liable to be killed when they are 
asleep ? 

Some years ago I was carrying out a contract which 
necessitated all the work being done at night. One of the 
men employed was always going to sleep, so the other men 
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as a practical joke gave him a shock, whilst he was in this 
condition, from a magneto - machine capable of ringing 
through 30,000 ohms., but although they tried all they could 
he did not wake. As they thought this was peculiar the 
men called my attention to it, and I personally saw him 
receive a shock without taking any notice of it. I may 
also say that I arranged for my assistant to give me a 
shock when I was іп bed asleep, and although two wit- 
nesses guaranteed he had done so, I felt nothing. Illustrating 
this, I should like to mention the following case :— 

* B," was stationed to watch a cable under test charged 
to 5,000 ‘volts, and going to sleep fell on to it. He was most 
severely burnt about hands, but was not killed. 

Of course, with so few cases it is impossible for me to 
say that my deductions are absolutely correct, but I bring 
them forward as I think they are of profound interest both 
to the electrical and medical professions. 


4. Does the path which the current takes through the body 
have any effect as regards the shock proving fatal У 


Although 1 have been present in three cases where a 
doctor was called in to attend to a man who had received 
a severe shock, I have never been asked where the current 
entered and left the body, and this, to me, has always been 
a complete puzzle, as amongst all electrical engineers | 
know it is a firm belief that the path which the current 
takes is of the utmost importance, and therefore in handling 
high-tension apparatus we always try to make contact in 
such a way that no vital part is directly in the circuit. 

To illustrate the different paths the current can take I 
will give a few cases which have come under my notice, 
and also what the victim felt most :— 


Hand to hand ... . Blow in chest. 

Right hand to right foot .. Nothing. 

Right hand to left foot ... Nothing. 

Right hand to both feet ... Nothing. 

Left hand to left foot ... Blow in back of neck. 
Left hand to right foot ... Blow іп back. 

Left hand to head ... ... Blow on top of head. 
Head to buttocks... ... Could not ascertain if 


anything was felt. 
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Of course I cannot say why they should feel differently, 
but I bring these facts forward, as perhaps the doctors can 
give an explanation. I think, however, it proves that 
different organs of the body are affected. Dealing with 
this from actual cases :— 

“D.” was oiling an alternator, and touched the inner 
brush accidentally with his elbow; his right foot was on 
the earthed frame of machine, and his left foot insulated. 
The pressure was 2,200 volts, and although he gave the cry, 
and was sensible till the circuit was broken, he could not 
get away. He remembered them running to shut the 
machine down, but became insensible when this was done, 
and was treated for forty minutes by artificial respiration 
before he showed any signs of life. One would have 
expected this man to be killed, but it 15 only fair to say 
that he was badly burnt on the elbow and the foot. 

“J.” was adjusting an arc lamp. Не had his left foot 
earthed, and with his left hand touched the carbens. I am 
unable to state the number of volts that he received, as I 
could not ascertain where the current earthed ; but he was 
killed. There was only a slight discoloration noticeable, 
and he was not burnt. 

I will discuss the question of burning later on, but 1 
think it is a fair conclusion that the left side is more 
vulnerable, and I believe the reason is that the valves of 
the heart on this side are more easily damaged. 

To my mind these cases prove conclusively that the 
path the current takes is a most important factor. 


5. Does the question of contact made, and whether burning 
takes place or not, have any effect upon a person's chance 
of being killed ? Сы 


In my opinion the question of contact is perhaps the 
most important of any which occur when a person receives 
a shock, and I should like to go into it rather minutely. In 
our ordinary every-day work perhaps the question of con- 
tact receives more attention than anything else, as not only 
is it a question of good contact, but the area of contact 
must be sufficient to carry the current. Now, when a man 
receives a shock this is equally true, and although it might 


be safe under ordinary conditions to work with even a high 
Vor. 81. 50 
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voltage, yet if he really did his best to kill himself he could 
most probably manage it with even a small voltage, provided 
he had a sufficient area of contact. 

To illustrate what an important part this area of contact 
plays, I had my resistance measured holding a No. 20 B.W.G. 
copper wire between the finger and thumb of each hand, 
and afterwards I connected these two wires to two pennies, 
and held them in the same way. With the pennies my 
resistance was 20,000 ohms lower. I therefore think if the 
area of contact were only sufficiently large, the resistance 
would be practically nothing. Of course, if the skin were 
wet, the area necessary to get no resistance would be much 
less, but as one does not work with wet hands, I need not 
consider the question. On the other hand, if the skin were 
oily it would be much more. 

Another point on which I would lay particular stress, 1s 
that the area of contact to get the same resistance in 
different persons would not be the same, and even with the 
same person in different parts of the body the area of con- 
tact would have to be changed. To illustrate this I 
measured the resistance of six people, picked haphazard, 
from thumb to thumb, and although I was careful to obtain 
what I believe was the same amount of contact in each 
case, yet— 

A measured 30,000 ohms. 


B ji 50,000 , 
C А 60,0000  ,, 
D 5 60,000 ,, 
E 5 100,000  , 
F 


, OVer 100,000 


this being due most probably to different thickness and 
moistness of the skin. As regards the same person, I had 
my resistance measured from thumb to thumb, which gave 
100,000 ohms, but from heel, where the boot rubs, to big 
toe, I got 200,000 ohms, although in each case I believe the 
same contact was made. 

The question of area of contact also plays an important 
part from another cause, as, if the area is small, the chance 
of burning is largely increased, not only from the fact that 
heat is generated at a bad contact, but that it is easier to 
form an arc, which causes the burning to be still more 
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severe. I shall discuss the question of burns by alternating- 
and direct-current later on, but a direct-current burns much 
more severely, especially at the positive pole. 

No doubt it may be questioned why I am laying so 
much stress upon a point which is thoroughly understood 
by every one, but my reason for doing so is that I believe 
this question of burning is a wonderful provision of nature 
to protect us against fatal shocks, as the burning not only 
numbs the nerves, and thus prevents us feeling, but will 
also, I believe, be found to increase the resistance, thus 
preventing the current passing. It is impossible for me to 
experiment on burnt live flesh, but I think it would well 
repay a doctor to do so. 

Taking actual cases :— 

"C." was working on a high-tension switchboard and 
received a 2,000-volt alternating shock. The man was 
killed. I myself saw the body, and noticed that there was 
only a slight burn on the left hand, no other mark being 
found on the body. It was therefore impossible to say how 
the man really received the shock. I am sure the burn 
was only slight, and as I have had considerable experience 
of electrical burns at various voltages (both alternating and 
direct), 1 think I am in a position to judge as to their 
severity. | 

“Е received а 2,000-volt alternating shock from hand 
to hand. Death occurred. The engineer-on-watch at the 
time told me that only slight burns were on each hand. 

In the case mentioned of a man killed on an arc circuit, 
only a slight redness was seen on his hand. Of course, this 
may not always be the case, as it 1s quite possible that the 
victim in his struggles to escape may reduce the contact 
and therefore cause severe burning after he had received 
sufficient current to kill him. In previous cases I have men- 
tioned where the victim recovered, severe burning took 
place, and I shall mention more later on. 

I know I am laying myself open to severe criticism in 
bringing forward this theory, as the majority of electrical 
engineers, and also the doctors, believe that severe burning 
means a severe shock, and to illustrate this I cannot do 
better than again quote Dr. Oliver in Allbutt’s System of 
Medicine, page 857, where he says: “ If the skin at the time 
of contact was moist, so much more the burning. If a 
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current sufficient to produce this severe local burning pass 
through the body, fatal results are more probable" My 
own opinion is, however, from reasons stated above, that 
moistness of the skin reduces the chance of burning as it 
ensures better contact, and if no burning takes place, efforts 
to help the victim should be redoubled if it is thought that 
he has received a shock, as it is quite possible that, owing 
to this misapprehension, he may be thought to be ill from 
some other cause. 

I should like to say a: good deal more on this question, 
but as the time is short will proceed to the next point. 


6. Can а person receive a fatal shock without giving the cry, 
and also can he speak after receiving a fatal shock ? 


It may be of interest to attempt to describe the cry, and 
as I have heard it three times, and have discussed this 
matter with others who have heard it, I think it can be 
accepted that this cry is best described as a rapid drawing in 
of the breath, followed by a half sigh, half shriek. In each 
of at least a dozen cases of more or less severe shocks that 
have been reported to me the victim gave the cry, but in 
the case in which | personally saw the victim three witnesses 
were sure that he did not give the cry. 

With respect to the question as to whether a person can 
speak after he has received a fatal shock, 1 may say that | 
have always thought this impossible ; but in the above case 
the victim was asked if he was hurt, and he said, “I am all 
right," and yet directly afterwards dropped down dead. Of 
course one may ask, did he really die from an electric 
shock 2 but as a post mortem was made, and the doctor 
satished himself that all the organs were healthy, I think 
there can be no doubt about it. 

I think, therefore, that further information is most 
urgently required ; but at present one can only say that 
a man need not give the cry, and that it is possible for him 
to speak after a fatal shock has been received. 


7. Is an alternating or a direct-current shock more likely to 
prove fatal ? 


This question may be looked at from two points of 
view :— 
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First : If а man is killed by an alternating shock, would 
not a direct-current shock prove equally fatal, provided the 
conditions in each case were exactly the same ? 

Secondly: Is there anything in the actual working 
conditions which makes one supply more dangerous than 
the other? ` | 

Considering this from the first point of view, the question 
immediately occurs: Do both kinds of shock affect the 
body in the same manner from a medical standpoint? Of 
course І am not in a position to judge, but as a direct-current 
causes electrolytic action, and an alternating-current does 
not, it seems that more must take place with direct-current 
than with alternating-current. My attention has been called 
to the fact that under certain conditions alternating-currents 
will cause electrolytic action. Any information on this 
point would therefore be valuable. 

It is also open to discussion whether, disregarding 
electrolytic action, the two act the same, as the alternating 
from its nature must have a spasmodic effect, whilst a 
direct-current seems to paralyse at once. From my own 
experience of shocks, I am certain that the after-effect 
of a direct-current is worse than that of an alternating 
current. 

When looking at the matter, however, from an 
electrician's point of view, I can see a great difference, 
as there is no doubt that if contact is made with metal of 
such a shape that it cannot be gripped, and the current 
passes from hand to hand, the direct-current seems to 
knock the victim down, whilst an alternating-current seems 
to draw him closer and to tie his body as far as possible 
into a knot. On the other hand, if he can grip the metal, 
the direct-current seems to hold him tighter than does the 
alternating-current. Of course I am only judging from what 
I have seen and felt myself. 

Another influence which I believe plays an important 
part is the different action which the two currents have 
in breaking down a fault. For instance, if the insulation is 
faulty when current once commences to pass, the direct- 
current will break a fault down more quickly than will an 
alternating-current. No doubt this has some effect when a 
shock is received, as most probably the direct-current would 
reach its maximum before the alternating-current, and, 
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therefore, if a person is only in circuit for a short time, 
the direct-current would have the greatest effect. On the 
other hand, more burning will take place with direct-current 
than with alternating-current, and as I have pointed out 
before, this is most probably a protection. 

My own opinion is that both currents will kill a man 
equally well, provided that the conditions are the same, and 
that death ensues from an electric shock. 

Although not strictly included in this paper, I should 
like to draw attention to the fact that an arc is more easily 
started with direct-current than with alternating-current, and 
that when once started it is more easily maintained. This 
is evident from the fact that a fuse which 15 quite safe on 
alternating-current is utterly useless on direct-current cir- 
cuits. From the above cause it 1s possible for a man to be 
severely burnt on continuous-current, and therefore all 
cases of exceptionally severe burning, if they occur on a 
low-tension supply, should be thoroughly investigated to 
prove whether death occurred from a shock due to burns or 
to an electric shock. 

The conclusion I come to is, that if death occurs from 
an electric shock, both are equally dangerous; but if 
death occurs from burns, the continuous-current is more 
dangerous. To make myself thoroughly clear, I should 
also like to say that although burns are a protection against 
electric shocks, yet if carried to extremes they may them- 
selves cause death due to shock. 


In considering the second question, it must be remem- 
bered that although the majority of deaths from electric 
shocks occur with alternating-currents, yet the potential 
usually worked at with alternating- is higher than that with 
direct-current, and therefore the conditions required to 
cause death have to be more favourable with direct-current 
than with alternating-current. 

Taking the actual voltage required to cause death, inde- 
pendent of nature of supply, I should say :— 


At below 600 volts the conditions must be abnormally 
favourable. 

At below 1,000 volts the conditions must be favourable. 

At above 1,000 volts the higher the pressure the more 
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easy it is to get the conditions necessary to cause 
death. 


In comparing the relative dangers of the two sources of 
supply, it must be remembered that even with the same 
voltage and conditions, it is quite possible to meet with an 
accident from quite different causes due to the kind of 
supply. For instance, with an alternating supply where the 
outer 15 earthed, nine times out of ten a shock is received 
not by getting into the circuit proper, but by touching some 
metal which has become charged owing to its not being 
properly earthed, or to not realising that any earthed metal 
is practically the outer. I think, however, that accidents 
from this cause will be fewer in the future now that the 
precautions required are thoroughly understood, and, 
more important still, that we are able to obtain trained 
men. 

On the other hand, with direct-current, most accidents 
occur due to an earth on circuit causing a man to receive a 
shock when he accidentally earths the circuit in another 
place through himself. 


. The conclusion I come to is that there is nothing more 
dangerous in one system than in another. It is purely 
a question of voltage and of the conditions being favourable, 
and it must be remarked that as many conditions have to be 
favourable, it is really so difficult to get killed, even with a 
high voltage, that practically, with our present knowledge, 
the chance of this occurring is no greater than in numerous 
other occupations where a person is likely to meet with an 
accident. 


8. Cannot the Medical Profession give us а more certain 
method of ascertaining whether a man is dead or not ? 


In the Electrical Review Rules, which I consider most 
excellent and indeed invaluable, it is recommended to 
ascertain if the sphincter muscle is relaxed; but as this is for 
obvious reasons objectionable, and also to a non-medical 
man most difficult to judge, I ask the doctors if they can tell 
us some better method. If they only knew what one feels 
when, after doing all one knows to restorea fellow-worker to 
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consciousness, the question arises, Am I simply manipulating 
a dead body ? I feel sure they would do all they could to 
tell us how to arrive at a definite conclusion. 


9. Ca:inot something more be done to help those who receive 
a shock? 


In discussing this question, the first thing which strikes 
me is how utterly we engineers are in the dark as to 
what really happens to a human body when death is caused 
by electricity. 

Of course, death is a stoppage of the functions of the 
body ; and looked at from an engineering point of view, I 
think the organs of the body can be best described as 
follows, namely, the lungs as the boiler, the heart asa pump, 
and the nervous system as mains to transmit signals from 
the controlling power (the brain) to the various machinery 
operated, and the arteries and veins as feed-pipes. Now, to 
my mind, what we want to know is, what breaks down when 
a shock is received? Are the lungs so damaged that they 
are useless for further work? or is the pump, the heart, 
broken in any way that it cannot work,—for instance, are 
the valves ruptured or the arteries, viz. the feed-pipes, 
broken ? or is the blood, the feed water, so decomposed that 
it precipitates and chokes the pipes? or cannot signals be 
sent from the brain, owing to the nerves being paralysed ? 
or what happens ? 

Looked at from this point of view, the first thing which 
requires clearing up is, are the conditions found inside the 
body different when death has been caused by electricity to 
those found when it occurs from shock from fright, excite- 
ment, burns, amputation of a limb, etc. Of course I, 
personally, cannot say, but from medical evidence which | 
have read it appears as if the only thing which is unusual is 
that the blood appears different at post mortem; but | 
believe this is open to discussion. 

I, myself, think, however, that when it is considered, а5 1 
have pointed out previously, that an idiot does not, seem to 
feel a shock so severely as an ordinary person, and also that 
during sleep less is felt, the truth will probably be found 
to be that electricity acts like an anzesthetic, such as chloro- 
form. My reasons for believing this are also due to the fact 
that in two cases of an electric shock where death would have 
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been expected, the men recovered, in my opinion, from the 
head being lowered, thus flushing the brain with blood, 
which is exactly what the doctors do when they want to 
revive a patient who has collapsed when under chloroform. 

The cases referred to are as follows :— 

* B." received a 2,000-volt shock from hand to hand, but 
was not badly burnt. He was insensible : we could not feel 
his heart beating, and his breath did not cloud a mirror ; his 
eyes were turned so that we could see only the white of the 
eyes, his jaw was dropped, and thus seeing the man I could 
have been certain that he was dead. This man gave the cry, 
and an engine-driver who picked him up stood him on his 
head, and thumped his chest, his reason being, as he put it, 
to start the blood flowing, and, as the heart is a pump, to 
free the valves if they were stuck. After forty-five minutes’ 
artificial respiration this man recovered. 

“СТ.” received a 2,000-volt shock from hand to hand. Не 
was standing on a pair of steps. As no one was present 1 
cannot say if he gave the cry, but at any rate he fell 
head first off the steps about four feet to the floor. 
He came round without assistance in about twenty-five 
minutes. It is only fair to say that his hands were badly 
burnt. 

The question, therefore, which I wish to ask the medical 
profession is, should we adopt the same treatment as is used 
for collapse from chloroform, and when a man receives a 
shock should we, before applying artificial respiration, hold 
the body for a few seconds head downwards at an angle of 
45 deg., thus flushing the brain and stimulating its action ? 
I bring this theory forward with the greatest diffidence, but 
as I haveactual cases to bear me out and also other evidence 
which points the same way, I think that considering its vital 
importance to humanity, I am justified in doing so in the 
hope of its being investigated by the medical profession ; 
but until this has been done, no one realises better than 
myself that my evidence cannot be considered as con- 
clusive. 

In conclusion, I can only say that I am fully aware of 
the shortcomings of this paper, but it is a real attempt 
possibly to save a human life by thus endeavouring to get 
members to give information on this question which so 
immediately concerns us as electrical engineers. 
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ELECTRIC SHOCKS AT FIVE HUNDRED VOLTS. 
By ALEXANDER PELHAM TROTTER, Member. 


A good deal of misapprehension exists as to the circum- 
stances under which shocks at оо volts may be felt, or the 
conditions which may lead to serious consequences. The 
electric pressure of 500 volts has become well established as 
the standard for electric traction, but apparatus designed for 
this pressure can be arranged to take another 100 or 150 
volts without appreciable alteration. Considerations of 
commercial standardisation seem to set the limit for 
working at about 600 volts; and it is fortunate, from the 
point of view of safety, that no further extension of pressure 
under ordinary conditions is likely to be needed. 

Since in a few cases shocks at 500 volts have been fatal, 
newspapers have not hesitated to argue from the particular 
to the general, and have assumed that all such shocks involve 
serious injury, if not death. For once, they are in good 
company: the technical press and eminent practical electric 
traction engineers seem to have a horror of 500 volts. Such 
horror has its wholesome side, but ignorance brought face 
to face with imaginary horror may result in panic. Modern 
journalistic sensationalism has made the most of the accident 
which occurred in Liverpool, in February, 19or, and such was 
the scare that months afterwards, when a harmless necessary 
· trolley-wire fell on a tramcar, passengers, not only jumping 
to the conclusion that they were threatened with a hideous 
death, jumped to the ground and sustained serious injuries. 
Irresponsible correspondents have suggested in the news- 
papers that to fall on the electric rails of the Central London 
Railway is to be grilled alive ; they knew no better. But 
when, during the inspection of the last extension of the City 
and South London Railway, I stood on the rails in wetted 
boots, and sat on the live conductor and slapped the running 
rails with my bare hands, engineers, electricians, railway 
employés and others who ought to know better, were sur- 
prised, and spoiled the effect of my demonstration by 
suggesting that I was peculiarly insusceptible to shocks. 

A pressure of 300 volts was used at first for electric 
traction, but when afterwards it was taken up and developed 
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by Americans, they settled by experimenta in corporibus 
vilibus, that a pressure of 500 was high enough for economy 
and not too high for safety. The chief object of this paper 
is to record a few experiments and to discuss the conditions 
under which shocks at 500 volts are devoid of danger. 

The subject may be divided into three parts: (r) The 
physiological and electrical conditions ; (2) the dangers con- 
nected with trolley-wires ; (3) the dangers of third rails of 
electric railways. 

Physiological and Electrical.—ln dealing with the first 
part, I need but barely allude to physiological matters, but 
will refer first to the current, then to resistances, and lastly to 
pressure. The sensation may be a prick, a pleasant tingle, 
a hot burning, or a convulsive shock. The sensation does 
not depend directly on the actual current, but on the current 
density. With four or five square inches (30 square centi- 
metres) of contact between dry metal and bare skin (for 
example, grasping a trolley-wire), a steady continuous 
current of 1 or 2 milliamperes is hardly perceptible.: 
From 3 to 8 are easily supportable, above то milliamperes 15 
painful, and above 35 almost unendurable. A larger current 
than 20 milliamperes is seldom used for medical applica- 
tions. Every electrical engineer is familiar with the sharp 
pricking shock given by a fine wire. In that case the 
current density is very high, but the current is so small that 
little else than the tactile nerve endings in the skin are 
stimulated. With larger currents and more surface, 
muscular contractions are added to the tactile sensations, 
especially if the current is at all unsteady. The electrical 
phenomena of nerve and muscle have been studied by 
physiologists, they are rather complicated, and do not 
concern the general purpose of this paper. 

Alternating currents seem to be about four or five times 

t [f this paper be read, as I hope it may, by.others than electricians, it may 
be well to explain that one ampere of current passes through a resistance of 
one ohm when the electrical pressure is one volt. One milliampere, or one 
thousandth of an ampere, passes through a resistance of one thousand ohms 
when the pressure is one volt, and one milliampere passes when the 


resistance is one hundred thousand ohms and the pressure one hundred volts, 
and so on in proportion. 


Volts. Milliampcres. Ohms. 
I и S "m 1,000 vi КЕ ae I 
I 2s Жү Sri I К in he 1,000 
100 E ee 6 І we bu ... 100,000 


5607 cs а 5 5 7 0. 100,000 


764 TROTTER: ELECTRIC SHOCKS [Feb. 27th, 


more painful, but the sensation is of a different character. 
I have no knowledge of the relative danger of alternating 
and of continuous currents, and no further reference will 
be made to alternate currents in this paper. 

It is difficult to make any exact determination of the 
relation between current density and sensation. More 
than about 14 milliamperes of steady continuous current 
at the finger tip, making a poor contact of about 1 of 
a square inch (т square centimetre) is unendurable, but 35 
milliamperes from boot to boot, nearly the whole of the 
soles of the feet being in contact, is much less painful. 
Under prolonged shock the current increases, owing to 
a fall of resistance, but that does not concern accidental 
shocks. 

Passing now to resistances, the resistance from finger 
tip to finger tip on dry metal and under too volts, is about 
20,000 ohms. It varies a little with the volts, decreasing 
at higher pressures. Two coins nipped in the terminals 
of an Evershed Ohmmeter serve very well for electrodes. 
This finger-tip resistance is of considerable importance in 
connection with accidental light contacts at high pressures. 
The resistance is almost all at the skin. The thin skin on 
the inside of the wrist is much more sensitive than that of 
the palm of the hand. The difference between the resistance 
from finger to finger of one hand and between one finger 
of each hand is inappreciable. The resistance from hand to 
hand when grasping two pieces of dry trolley wire is about 
5,000 ohms; different individuals vary a good deal, prob- 
ably owing to the dryness of the skin; I have found it 
as high as 14,000. The resistance between the body and 
the earth or an iron rail through the sole of the foot, stock- 
ing, and boot, is of considerable importance in connection 
with electric railways. 1 find that the resistance from 
boot to boot, the boots being dry and without nails, varies 
from 45,000 to more than 200,000 ohms. The lowest of 
measurements on 25 different persons made with 500 volts, 
gave 25,000 ohms. Boots worn into holes and wetted by 
walking on wet pavement, gave only 13,000. The values 
for resistance of the human body given in medical works 
are of little use for the present purpose, for care is taken as 
a rule to facilitate the passage of the current. ‘ Under 
conditions of medical practice, and using moistened 
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electrodes, the resistance of the body, when the skin is 
well wetted with warm water, is about two or three thousand 
ohms, that is to say, an electromotive force of twelve volts 
(eight Leclanché cells) will pass a current of four to six 
milliamperes." (* Medical Electricity," Lewis Jones, p. 194.) 
Most of the measurements of resistance which 1 have given 
were made with 100 to 500 volts and are calculated from 
the milliamperes which passed. Taking the information 
which I have already given about the effect produced by 
various currents, it follows that the mere touching of dry 
metal at 1oo volts, finger to finger, gives hardly any sensa- 
tion, but with a larger contact a shock is felt. At 200 volts 
a light touch gives an unpleasant prick, but the current 
through a firm contact is about 12 to 18 milliamperes, which 
most people can bear without considerable pain, especially 
if the contact be gradually made and broken. There is no 
after effect; the sensation is very similar to that of heat. 

To grasp, with bare hands, two pieces of metal at 500 
volts would give a very painful shock, but a light and quick 
touch is no worse than the shock from a half-pint Leyden 
jar, an experience more familiar to schoolboys than to 
engineers. A 500-volt shock may be described as worse 
than touching a kettle of boiling water, not so bad as 
touching a red-hot poker, about the same as touching a 
soldering iron at working heat, or as when an inexperienced 
blacksmith's boy picks up a black-hot horseshoe. These 
shocks are common incidents in the daily work of a 
careless linesman; nearly all those who are practically 
engaged in electric traction work receive more shocks 
than they like, but they agree that they might reduce the 
number by taking more care. This is an important measure 
of the severity of such shocks, and perhaps the only one 
which will be appreciated by those members of the public 
who do not care to try for themselves. In such brief shocks 
the muscular sensations probably mask the contact sensa- 
tions, but a bad soo-volt shock burns the skin. 

Cases of fatal accident from 500 volts are so rare that the 
conditions can only be guessed at. If the skin resistance 
be reduced by moisture, especially if salt or chemicals be 
present, and if the contact be large and prolonged, тоо 
volts may be fatal. While repairing an arc lamp in a steam 
washing factory at Bradford, in 1899, a man is said to have 
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been killed by a shock at 225 volts ; a fatal accident occurred 
in Germany with about 300 volts, but à man may be choked 
by a crust of bread under exceptional conditions. The death 
of a man by blood-poisoning arising from a burn caused by 
a short circuit on the Central London Railway in December, 
1900, does not concern us ; a death occurred on the Metro- 
politan Railway in Paris, when a plate-layer fell and 
remained fallen on the third rail of 500 volts, but the case 
to which so much attention has been drawn, and which has 
caused such a scare, is the accident in Pembroke Place, 
Liverpool. Instead of the present system of well earthed 
guard wires, an attempt was made to keep fallen telegraph 
wires from touching the trolley wire, and the attempt was 
unsuccessful. Nearly fifty wires fell in a tangle across the 
street, and lay on the trolley wire, which did not break. 
The passers-by in the street upon whom they fell escaped 
with a few shocks. It was dark and snowing, and a salted 
slush lay on the street. Two men walked blindly into the 
wires and were entangled, and struggling, became entangled 
the more. The current was not cut off for nearly half an 
hour. Here was a lamentable combination of seven circum- 
stances. (r) The unusual conditions of weather, the snow 
freezing to the wires as it fell. (2) Failure of the wood strip 
(which is still extensively used on the Continent) to act as 
a guard. (3) The large number of wires, the long span 
(375 feet), and the tangle in which they fell. (4) The salt 
slush of snow in the street. (5) The darkness and in- 
visibility of the wires. (6) Failure of the Police telephone 
signal service. (7) The delay of 25 or 30 minutes before 
the current was cut off. If any one of these seven causes 
had been absent it is probable that the fatal results would 
not have occurred. It is practically impossible that such 
an accident can occur again in Liverpool, for the telephone 
wires which crossed the tramways have been either diverted, 
placed underground, or cabled, at a great expense to the 
Corporation, and a considerable number of the Postal Tele- 
graph wires have been satisfactorily altered. I am tempted 
to digress into the question of guard wiring, but this paper 
must be confined to shocks, and I hope that the discussion 
will be similarly restricted. 

Dangers connected with Trolley Wires.—Neither the man 
in the street, nor a man on a car, runs any risk of 
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taking 500 volts skin to metal. On several occasions 
during inspections of tramways, when a trolley wire has 
been within reach from the top of a car, I have grasped 
it with both hands, and with more or less difficulty I 
have persuaded others to do the same. In each case the 
weather was fine, the car dry, and no shock, not even the least 
sensation was perceptible. To show that there was no trick 
I have grasped the hand-rail and flicked the trolley wire with 
a finger ; the shock is trifling. It follows, therefore, that if 
a live trolley wire fall on a crowded car, although it may 
give alarming flashes when it touches a hand-rail, or tram- 
way rail, the chances of a shock on a fairly dry day are 
nothing compared to the obvious mechanical injuries which 
might be occasioned. Trolley wires do fall, and trolley 
wires are very properly excluded from the leading cities of 
the world—London, Paris, Vienna, New York, Buda Pest, 
etc., but as yet the damage done by the falls has not been 
electrical. А trolley-wire is an obvious thing ; it some- 
times springs back in large coils, but it generally falls and 
lies still or hangs, and is regarded with a prudent solicitude 
which this paper is not intended to remove. But on a dry 
or frosty day any one with tolerably good boots may fear- 
lessly touch the live end even if he stand on the rail. I 
would not publish this statement had I not tried the experi- 
ment on some dozen persons, the majority being women and 
children. My son, 74 years old, stood on a rail and played 
with wires, there being Soo volts between rail and wires. 
The current was less than 1 milliampere, and he felt 
nothing. His boots were new. A fallen telephone wire is 
not se obvious; it does not stop the traffic ; it is apt to 
writhe and to coil round a person; should he fall on the 
rails the short circuit might severely burn him. With wet 
boots and ground the conditions are different. Standing 
on damp granite setts in rather damp boots, and grasping a 
trolley-wire, I found the current was r5 milliamperes, the 
sensation was by no means unendurable ; brief touches gave 
sharp pricks. Standing on a rail increased the current to 
20 milliamperes. With old boots worn into holes, and 
after walking a couple of miles on wet pavement, standing 
on a rail and grasping a trolley-wire gave 35 milliamperes. | 
took this for several seconds, and I should be sorry to take 
more. I broke contact cautiously by raising the boot on 
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one edge. There was no after effect; the sensation was 
merely that of heat, as though the trolley-wire were hot. 
Spilling half a bucket full of water on the ground in- 
creased the shock intolerably. Iam inclined to attribute this 
to the better contact between boot and earth rather then to 
decreased resistance of the earth (in this case granite setts). 
Three others tried the experiments with me, and as far as 
we are able to compare experiences I am satisfied that I am 
not relatively insusceptible to shocks. 

Besides the fall of trolley-wires, either on a car or in the 
street, there are roundabout and unlikely ways in which 
shocks may be conveyed to unsuspecting persons, for 
example, a linesman on a ladder, and somehow making a 
good earth, holding a wire while its broken end or a care- 
less sag touches a trolley-wire ; but the discussion of such 
accidents belongs to the subject of guard-wires. 

Dangers connected with Third Rails.—The first time 1 
stepped on the live rail of a third-rail railway, I clutched 
the engineer, lest my legs should give way under the 
shock; but I felt nothing. I went to where some water 
stood half an inch deep on a cement floor, and “ marked 
time” for two and a half minutes. With caution, I stepped 
on the live rail and then on one of the running rails, 
felt nothing, stooped down and touched the running rail 
while standing with both feet on the running rail ! 
felt a slight tingle, which my subsequent experiments lead 
me to think was produced by a current of about 6 milli- 
amperes. To sit on the live rail without touching the 
running rails was easy, and I cautiously flicked the running 
rail, then touched it, and then laid my hands flat on it with 
out the slightest sensation. In the light of the figures ! 
have given, this is not at all surprising, and I have invited 
several others to try the experiment, with the same negative 
result. Of course the result depends on the dryness of 
the clothes. The resistance of dry cloth is very high. After 
walking in the wet for about an hour with sound but not 
thick shoes, I stepped on 500 volt rails and felt nothing, but 
on touching with the finger I received a smart shock, per- 
haps 30 milliamperes. I have already stated that with old 
worn-out wet boots the resistance was only 13,000 ohms. 
This was found with only доо volts. Standing on rails in my 
laboratory, the rails being connected to the outers of the 
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Westminster Company, 1 could just support the current of 
about 30 milliamperes. The sensation was almost precisely 
like standing on hot steam-pipes. It was easy to turn it on 
gradually by beginning and ending with the edge of the 
sole. The shock would of course be very alarming to any 
one who was not expecting it. There was no perceptible 
after effect. Ordinary nails in the heels of boots make no 
difference, but hob-nails give uncertain pricking stings 
which are rather painful, but under no circumstances need 
they be sustained. 

Until I tried these expertments, I must confess that I 
did not enjoy the walks which I have sometimes taken in 
* tube" railways during inspections by the light of oil 
lanterns, but now, with dry boots, I take no care whatever. 
It is very desirable that the live rails of third-rail railways 
should be guarded by planks to prevent short circuits 
by tools, etc., and to make it less easy for a person 
falling on the rails to make contact with bare skin. 
While experience has shown that a person so falling 
may receive a serious and even fatal shock, this can 
only occur if he make contact with both a live rail and a 
running rail with. bare skin, or thoroughly wetted clothes, 
and if he lie there for а time. As to the length of this time 
we know nothing, but so long as the fall has not injured the 
person, so that he cannot rise, it is very improbable that the 
shock would be maintained. A platelayer in the open yard 
of the Waterloo and City Railway, once accidentally sat on 
the third rail, and made the circuit through his feet on wet 
ground ; he shouted, and was pulled off by his mates : the 
contraction of the muscles prevented him from rising. He 
could probably have rolled over, and so released himself. 
He was back at work again in a few minutes. 

Numerous accidents to horses show conclusively that 
: these animals are peculiarly susceptible to electric shocks. 
Electrical conditions under which a human being would 
receive an unpleasant shock of ro to 15 milliamperes cause 
instant death to a horse, and it appears that horses are 
terrified under conditions where a human being would feel 
no shock. But it must not be concluded that a given 
current produces more effect on a horse than on a пап. A 
horse makes excellent contact with its shoes, and these are 
well connected by nails to its body. It is probable that the 
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resistance is very small, and the current very large; but 
even making this allowance, the horse appears to be more 
susceptible. 


CONCLUSION. 


The dangers of electric shocks at 500 volts have been 
much misunderstood, greatly exaggerated, and little investi- 
gated. The pressure of soo volts has been deliberately 
chosen by electrical engineers because it is not dangerous 
under ordinary conditions. The conditions under which 
serious shocks are not produced by 500 volts are discussed 
in the paper, and it is safe to assume that all shocks more 
serious than those which are recorded, are dangerous. 

Dry wood and dry boots without large nails offer so 
great resistance to electric current, that it is perfectly safe 
to touch a trolley-wire while standing on a dry tram-car, or 
even while standing on the ground, or on the rails. Wet 
weather makes a considerable difference, but boots must be 
very wet to allow enough current to pass to produce a 
severe shock. 

Men engaged in electric traction work receive many 
slight electric shocks at 500 volts, and they might avoid 
most of them by taking more care. Dry clothing offers so 
great a resistance that no shock can be transmitted through 
it. The peculiar conditions under which shocks at оо volts 
have caused death are discussed, and are shown to be very 
exceptional. 

Experiments have been made on some thirty persons 
including twelve women and six children, and it is proposed 
to make other experiments. 

With sound dry boots hardly anybody can feel a shock 
when standing on the live rail of an electric railway with 
one foot, and a running rail with the other. With damp or 
wet boots a shock is felt, but neither the sensation nor the 
degree of wetness of the boots can be measured accurately. 
It is not possible to receive a shock by sitting or lying on a 
live rail so long as the clothes are drv and continuous, that 
is to say, so long as the live metal is not touched by the 
bare skin. 


After the reading of the paper, the author made some demonstra- 
tions. The following table was displayed on the wall, in order that 
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the indications of the milliampere-meter might be converted into 
resistance in ohms. :— 


` RESISTANCES AT 500 VOLTS. 


Milliamperes. : Ohms. 

I. T" sas 500,000 
2 50,000 

3. з 166,666 
4. je iie 125,000 
5. É % 100/000 
10. ane bes 50,000 
15. as sn 32333 
20. 55% 56 25,000 
25. жж eus 20,000 
30. Sis T 16,666 


35- кё aa 14,286 


The current was supplied by secondary batteries kindly lent by 
Messrs, Sutherland and Marcusson. In order to show that this battery 
was a suitable source of current for the demonstration, a bank of 25 
lamps of 5 candle-power each was provided by the’ General Electric 
Company. These lamps were wired five parallel and five in series, 
and took about one ampere. The battery was capable of lighting 
them brightly, and the lamps were turned on for a short time before 
and after the demonstration. 

Five lamps of 3 candle-power were arranged in series on the 
500 volts, and between each pair of them a metal plate about an inch 
in diameter was fixed and connected -to the circuit. Touching two 
adjacent plates with the finger-tips, the author received a current of 
about one and a half milliamperes. This current was shown on a 
large station ammeter which had been kindly provided by Messrs. 
Crompton & Co., who had specially wound and calibrated it in milli- 
amperes for the occasion. The author showed that by placing his 
fingers flat on the plates the current was increased to about 4 milli- 
amperes, owing to the increased surface and diminished resistance. 
He then touched two plates (having roo volts between them) with two 

"fingers of one hand. Тһе current was practically the same as when 
one finger of each hand was used, thus proving that the resistance of 
his two arms and chest was negligible compared' with the resistance of 
the skin of the fingers. He then held two lengths of trolley wire 
lightly, one in each hand, and made contact with roo volts. The 
current was about 6 milliamperes ; then gradually bringing more and 
more skin into contact with the trolley wires, until they were grasped 
firmly in each hand, the current gradually rose to about 16 milli- 
amperes. He relaxed his grasp gradually, thus avoiding the shock 
which occurs both on making and on breaking a considerable current. 
He next touched two plates differing by 200 volts with his finger- 
tips, and received about 14 milliamperes. This was more painful than 
the larger current at roo volts, on account of the small surface and 
high current density. He gradually increased the current by increasing 
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the surface of skin in contact until he took about 20 milliamperes, 
which gave painful sensations, but not so severe as those often 
sustained for amusement when shocks are taken for a penny at a 
fair. 

Two lengths of railway rails, about 18 inches long, were laid on the 
floor, and were connected to the battery. Standing on one of these, in 
thin dry evening shoes, the author touched with his finger a metal 
plate differing from the rail by 100 volts. The ammeter did not move. 
Then passing his finger from one plate to the next, he touched the suc- 
cessive plates until he reached the one differing from the rail by 
500 volts. The ammeter hardly moved. Then grasping a length of 
trolley wire he touched the 5o00-volt plate, and the ammeter showed 
about one milliampere, but no sensation was felt. The author ex- 
plained that as he stood he was, electrically, in exactly the same con- 
ditions as though he stood in a street on a tramway rail, in his thinnest 
shoes, and grasped a live trolley wire fallen in the street. He then 
changed his shoes, putting on ordinary walking shoes which had been 
worn all day, and which were tolerably damp. The current under 
these conditions (standing on a rail and touching the 500-volt contact) 
was about 10 milliamperes. Standing first on onc foot and then on the 
other, one foot being clad in a silk sock and the other in thin merino. 
the former showed a rather lower resistance; but this might have 
been due to a difference in the dampness of the shoe. 

A length of about 5 ft. 6 in. of the conductor rail and of the two 
running rails of the Central London Railway, had been kindly provided 
by that company. These were mounted on trestles. Standing near 
the end of these rails, the author laid a piece of cloth on the conductor 
rail, and touched one of the running rails with the finger of one hand. 
He then lightly touched the cloth, with no result ; he touched it more 
firmly, and finally laid his hand flat on it. The cloth was enough to 
prevent any perceptible current to pass at 500 volts. Two folds of 
cambric handkerchief, similarly, were enough to insulate, and even one 
fold, with moderate pressure, behaved in the same way. With the full 
palm of the hand pressed down, there were slight pricks, but not 
enough to show on the ammeter. He then dipped the cloth in water, 
wrung it out, and wiped off the surface moisture. First touching it 
lightly, and afterwards with considerable pressure, no sensation or 
measurable current (say one quarter of a milliampere) passed. Repeat- 
ing the experiment after a second damping he received smart pricks. 
and he explained that if time permitted, a state of dampness could be 
obtained which, under pressure of the hand, would give a current of 10 
to 30 milliamperes. 

He stated that the experiment which he had shown with dry cloth 
was convincing, and was sufhcient for all scientific men and engineers, 
but he proposed to repeat the experiment in another way which would 
appeal to a wider audience. He then sat on one of the running rails, 
and (though knowing the result) cautiously flicked the conductor rail 
with his finger, then touched it lightly, then firmly, and finally laid his 
hands flat on it. There was no sensation or measurable current. He 
then lay down across the three rails, and rolled over from end to end 
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of them and back again. While lying оп the rails he laid his hands 
first on a running rail, and then laid them on the conductor rail, with 
no sensation of shock. The author observed that such a demonstration 
was open to being called a clap-trap performance, but he justitied it as 
an undeniable proof of one of the many conditions under which no 
shock is felt at 500 volts. 

The author concluded by touching one of the rails and flicking the 
other with his finger. Тһе effect is rather painful on account of 
the high current density, but the current was too brief to show on the 
ammeter. 


The PRESIDENT: We are greatly indebted to the authors of these Th 


papers for having produced these most interesting details: details 
which, I think, will be of influence in enabling the medical profession 
and other scientists to arrive at some solution of the important question 
which has given rise to the papers. I should like to thank Mr. Trotter 
especially for the demonstration he has given us, because I think it 
must tend in a very effectual manner to remove from the minds of 
many people the dread they have of the consequences that attend 
contact with the trolley wires and railway metals of electrical systems. 
He has, I think, quite exemplified the fact that only under exceptional 
circumstances can shocks of a serious character be incurred. I should 
like, as Mr. Cunynghame is here, to ask him if he will open the discus- 
sion on these papers. 

Mr. H. H. CUNYNGHAME: Possibly the reason the President 
has asked me to say a few words is that I am connected with the Home 
Office in the administration of the Factory Acts. Upon that point I do 
not propose to say anything, except this: when I was a member of 
the Royal Commission on Railway Accidents, I remember putting this 
question two or three times to the greatest engineers who appeared 
before us. Iasked them, * Will you be kind enough to tell me whether 
in the whole course of your experiences, you know, or are able to 
ascertain, one case in which the Factory Laws have been really a 
substantial drawback to trade? In a few instances, of course, they 
have caused a little inconvenience, but are you able to name one serious 
instance?” and in every case, after having days to think about it, it was 
admitted that no case could be found. Looking to the severity of the 
Acts, there can be no doubt that if they were not wisely admin- 
istered they could be made a burden, but I am perfectly certain, from 
what I have heard the Secretary of State to the Home Department say 
on platforms and at deputations and to us, that there is not the 
slightest intention of making these Factory Acts anything but a means 
of securing safety to the workmen. I do not believe that trade need be 
under any anxiety about it. 

From experiments that I remember making some years ago 
on the way in which people could stand shocks írom small 
magneto-machines, I could quite believe that horses are much 
more susceptible to it than men, chiefly for the reason that women 
are distinctly less susceptible to it than men, as far as I could ascertain. 
There seems to be little doubt that the nervous organisation of women 
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ш —I speak with the greatest deference in the presence of medical 
hime gentlemen—is not so highly developed as that of men, and they can 


take a considerably greater shock than men can. I have no doubt that 
creatures like horses, and, possibly, dogs, that have an extremely high 
nervous organisation, would feel it more than we do. At all events, in 
all the experiments that have been made with a view to testing the 
nervous susceptibility of the skin, men seem to have a greater capacity 
for feeling a nervous tactile sensation than women. There is only one 
other point I should like to hear some of the doctors upon. I believe it 
has been a moot point amongst medical men how far what may be 
called nervous shock, entirely without pain, can affect the system. 
Some experiments were tried last year—vivisection experiments—by 
putting rabbits and creatures under complete chloroform, giving them 
some operation which must have been terribly painful had they been 
conscious, and then observing the effect of that unfelt nervous shock 
upon the system. It would be very curious to know how far the pain 
felt in an electrical discharge is a measure of the injury it тау do. 
With regard to the experiments on ohmic resistance, I was rather 
surprised at Mr. Aspinall’s figures of 60,000 and 100,000 ohms. I 
suppose he must only mean just touching the conductor with the point 
of the finger, because all the experiments I have ever seen tried, where 
one grasped a tolerably large metallic object, seemed to give а 
resistance much more like 20,000 ohms, and much less than those in 
the case of those people who have damp hands. 

Sir B. Sir BRAMPTON GURDON: In reply to your invitation to speak, I may 

urdon. | в ў 

say that І сап only thank the authors for the exceedingly instructive 
papers which they have read to us. Unfortunately, though perhaps 
years ago I knew a little about electricity, that science marches 
so fast that those who have not time to study it and keep it up fall 
entirely behindhand, and therefore I think I am extremely fortunate 
in having been able to come here on a night when the subject is 
such that it may be interesting even to people who are as ignorant as 
myself of that science in which you are experts. I wish to say, not 
having been here for some time and having belonged to the Society 
almost from its beginning, that I am much pleased to see the growth of 
the Institution, and the splendid gathering we have here to-night. 

The. The PRESIDENT : In view of Mr. Trotter's further experiments I am 

President. : 3 ; : 
afraid we must adjourn the meeting now. I am very sorry that such is 
the case, but I am sure there are a great many gentlemen present who 
will be very glad indeed to contribute something to the discussion on a 
future occasion. I hope it will be convenient for them to attend the 
next meeting, when we shall probably devote the whole evening to the 
consideration of the subject. 


Тһе PRESIDENT announced that the scrutineers reported the follow- 
ing candidates to have been duly elected :— 


Members. 


Percy Nicholas Hooper. | George F. Mansbridge. 
М William Edward Thrift. 
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ELECTIONS. 


Associate Members. 


Arthur Harold Abbott. 

A. Cathcart Coubrough. 
Robert Niven Fulton. 
Harold Hale. 

Charles Baird Handyside. 


Edgar Hesketh. 

Robert Frederick Looser. 
Randall Beresford Slacke. 
Edward Threlfail Vickers. 


William Bradley Woodhouse. 


Associates. · 


William Bannister. 
Leonard Breach. 

Charles Henry K. Chamen. 
John Edgar Edmundson. 
Wycliffe G. Everingham. 
Thomas Ferguson. 

David Furniss. 

Ralph Edgar Gott. 
William Turnbull Gray. 
Harry Green. 


James John W. Grigg. 
John Richard W. Linton. 
James Lord. 


John Ernest Newman. 


Bernard J. Pargeter. 
John Ernest Raworth. 
John David Richards. 
Percy Edward Ridley. 
Herbert William Stovold. 
Ernest J. Taylor. 


Alfred Walker. 


Students. 


Charles Antony Ablett. 

Ernest Ambrose. 

John Arnold. 

Douglas Stephenson Baddeley. 
Mul Chand Badhwar. 

Herbert F. Bayley. 

Alfred William Beuttell. 
Charles Roxberry Bland. 
Charles Bounett. 

Bernard E. Bumpus. 

Reginald Arthur Bush. 
Michael Chapman. 

Carleton Philips Cobb. 
Bernard G. Drummond. 
Gregory Hugh Walter Gaspar. 
William Delano Halfhead. 
Thomas Crespin Harrison. 
Cecil D'Aguilar Jackson. 
Henry Francis Jay. 

David Kennedy. 
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Cyril Lawton. 
Stanley Walter Lough. ' 


John Ernest M. McGregor. 


Edwin Lewis Monk. 
Douglas Noel Milestone. 
Edgar Arthur A. Parsons. 


Hubert Charles N. Prance. 


Arthur Lionel Rawlings. 
Leonard Roseveare. 
Arthur N. Rufford-Sharpe. 
Mahmoud Samy. 

R. Melville Smith. 

Albert John Geo. Swinney. 
Oliver Charles Thompson. 
James Tyrrell. 

Henry F. Vickery. 
Thomas Harry Vitty. 
David Christian Wardlaw. 
Hubert Hope Wardlaw. 
Arthur Hamilton Wilson. 
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The Three Hundred and Seventy-fourth Ordinary General 
Meeting of the Institution was held at the Institution 
of Civil Engineers, Great George Street, Westminster, on 
Thursday evening, March 13th, 1902—Mr. К. K. GRAY, 
Vice-president, in the Chair. 


The minutes of the Ordinary General Meeting held on February 
22nd, 1902, were read and confirmed. 


The names of new candidates for election into the Institution were 


announced, and it was ordered that these names should be suspended 
in the Library. 


The following transfers were announced as having been approved 
by the Council :— 


From the class of Associate Members to that of Members— 
_ Alfred Charles Holtby. 


From the class of Associates to that of Associate Members— 


Arthur Bentley. Edward Cecil H. T. Lugard. 

John Dennis Coales, B.Sc. John Hayes McDowell. 

Richard T. Durran. Herbert St. Hill Mawdslev. 
W. M. Nelson. 


From the class of Students to that of Associates— 


A. F. T. Atchison. Charles William Lund. 
William Walter Bradfield. Percy Godfrey Pettifor. 
Charles Wilfred Hacking. Robinett Scruby. 

Philip Hunter-Browne. George Stevenson. 


William Thomas Trusler. 


Messrs. E. J. Howell and W. P. Whitehead were appointed scruti- 
neers of the ballot for the election of new members. 


Donations to the Library were announced as having been received 
since the last meeting from the Maschinenfabrik, Oerlikon, and Mr. W. 
Perren Maycock (member); to the Building Fund from Messrs. R. H 
. Burnham, A. D. Constable, H. J. Garnett, H. J. Gridley, T. E. Ingoldby, 
and F. Langley; and to the Benevolent Fund from Mr. C. P. Cobb, to 
whom the thanks of the meeting were duly accorded. 


The CHAIRMAN: You will have noticed that your President is not 
here to-night. "The reason of his absence is that he is representing the 
Institution at the Jubilee of the Owens College, Manchester. One of 
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his duties at the celebration is to present the following address which 
has been drawn up by the Council :— 


“TO THE OWENS COLLEGE, MANCHESTER. 


“The Institution of Electrical Engineers is gratified at being 
honoured with an invitation to assist in the Jubilee celebrations of the 
Owens College, and, in accepting that invitation, gladly avails itself of 
the opportunity to convey the hearty congratulations of the Institution 
on the valuable work accomplished by the College in the cause of 
education, and particularly in the promotion of the higher scientific 
training of engineers. 

“Тһе evidence of that work is seen in the lives and labours of the 
many distinguished men who have studied within the College walls, 
pre-eminent among them, the late John Hopkinson, twice President of 
the Institution of Electrical Engineers, an engineer, a citizen anda 
man, whose name will live in the history of Engincering, and whose 
memory is cherished by all who knew him. 

“The Institution rejoices that this good work is being maintained 
and extended, and trusts that the efforts of the Owens College may be 
crowned with an ever-increasing measure of success. 

“ Given under our hand and seal— 
“WILLIAM EDWARD LANGDON, President. 
“JOHN PERRY, Member of Council. 
“ WALTER О. MCMILLAN, Secretary. 
“February 2711, 1902." 


We will now resume the discussion on the papers read at the 
previous meeting by General Webber, by Mr. Trotter, and by Mr. 
Aspinall. But before doing so I shall call on Mr. Trotter, who desires 
to make a slight.addition to the information contained in his paper. 

Mr. A. P. TROTTER: At the close of the last meeting a considerable 
number of members presented themselves for tests at from 100 to 500 
volts. Unfortunately some 4o or 50 had to be turned away owing to 
want of time. Some of these were afterwards measured at the Board 
of Trade laboratory. Altogether 170 tests have been made on 8o 
persons. Of these, 33 persons were tested after the mecting, and 47 at 
the Board of Trade laboratory. : The results are shown in table (see 
page 778). 

Some of them are easily tabulated, but most of the foot to hand tests 
are rather difficult to state concisely. The first section of the table repre- 
sents the tests from finger to finger, the number of milliamperes taken, 
and the number of persons who took them. It will be found that from 
т milliampere down to 4:5, 88 per cent. of the persons took less than 
5 milliamperes, and therefore could not feel more than a tingle at 100 
volts. The others received slight tingles, while two of them took as 
much as 1o milliamperes. From foot to foot, standing upon two iron 
rails with 500 volts between them, 17 persons received less than one- 
fourth of a milliampere, and 80 per cent. of them a current that they 
could not feel at all, although the experiments were made on them just 
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as they happened to come in, with their boots damp or dry, as the case 
might be. I may say that the foot to hand resistance of some persons 
measured after the last meeting was so low that I did not in their cases 
measure the foot to foot current, for I did not wish to run the risk of 
giving an unpleasant shock, and there was no time to show each 
individual how to turn the current on gradually. My caution, which 
was perhaps unnecessary, affects the percentage of the foot to foot 
results. Fourteen persons took a current too small to move the mil- 
liampere meter. - 

The finger to finger results fall on a curve (Fig. А) which closely 
resembles a skew frequency curve. 


MiLLiamperes. 
а S 


о 
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In more than 20 per cent. of cases the current was between r'5 and 
2 milliamperes. 

Dr. W. S. HEDLEY: I should like to thank the Council of this 
Institution for the privilege of being present at this discussion. For us 
doctors, who have not often a chance of seeing the actual occurrence, 
it is, of course, instructive and interesting to have brought before us the 
possibilities and probabilities, and improbabilities of electrical accidents. 
It is very easy to understand the impatience felt by the electrical 
industry at being classed as a dangerous occupation if in point of fact 
statistics prove that it is otherwise. I take it that accidents in the 
electrical industry are not more frequent than they are in other indus- 
tries which are not classed as “ dangerous.” І apprehend that the reason 
for this is not that all pressures employed in the electrical industry are 
not more or less dangerous, but because the combination of conditions 
necessary to produce an accident is very seldom present. Reverting 
to General Webber's paper ; he is rather down on us for regarding the 
heart as a pump. I must say that if this be а fallacy, I for one must 
plead guilty to it. To doubt that the force that causes the blood to 
circulate is derived from the heart is to doubt almost the first article of 
the physiologist's creed. Of course we are aware that there are other 
forces subsidiary to it, such as the respiratory and muscular movements. 
And speaking for myself, I have an open mind about the possibility of 
other forces being at work, some force of the nature of dialysis or 
osmosis, or something else, to help to drag the blood through the 
capillaries ; but I suggest that it is not necessary, for the purpose of the 
Present discussion, to enter into that-question. I think that killing by 
electricity is a simpler matter than that, and that known physiological 
facts are fairly sufficient to deal with it. In passing, I should like to say 
that these analogies between the correct principles of engineering and 
the mechanism and processes of the body are very alluring, but, of 
Course, they are only analogies ; you can very seldom follow them out 
to their logical conclusions. For instance, take the third molar tooth, 
or “wisdom tooth." Noone would suppose that that is the most perfect 
grinding arrangement conceivable. It is a more or less stunted, 
irregular, and disappearing structure. So with the eye. I should be 
very sorry to say that the human eye is perfect as an optical instru- 
ment. We must take these things as we find them, and in the light of 
the knowledge that we have. The knowledge that we have on this 
question of the circulation, which of course is very intimately connected 
with electrical accidents, is that the successive beats of the ventricle 
drive successive charges of blood into the arteries, keeping up a pressure 
in them ; and it is by virtue of this pressure that, if you cut an artery in 
the living body, blood spurts out. The stream of blood cannot escape 
backwards on account of an efficient system of valves; it must go 
forwards through the aorta, through the branch arteries, through the 
arterioles or smaller arteries, and through the capillaries. The 
capillaries constitute an obstacle to its course, and it is that obstacle 
Which is the cause of the blood-pressure. Without that obstacle there 
would be no blood-pressure. Having passed the capillaries, the blood, 
as we all know, gets back to the heart through the veins, but by that 
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time blood-pressure has become very low. Тһе arteries are described 
as “distensible and elastic tubes." As successive charges of blood are 
driven into them they are distended, and by virtue of their elasticity 
they keep up a constant pressure upon the blood. Part of the force oí 
the heart beat is expended in keeping up this pressure, and part of it is 
expended in propelling the blood forward, as is shown in the pulse. Іп 
other words, and still following the language of the books, we say that 
the force of the heart beat is expended partly in keeping up a potential 
which is constantly exerting itself and becoming kinetic, i.e., constantly 
exercising pressure on the blood, and partly in the direct kinetic 
element of forcing forward the circulation, as shown in the pulse. 

In the light of these facts we have to consider what happens in 
electric killing. General Webber referred, with some approval, | 
think, to Dr. Bleile's experiments. I remember those experiments, and 
was very much impressed with them. "They attempted to show that 
when a person is struck with an electric current, the arteries, and 
especially the capillaries, contract, and that owing to this constriction 
they thereby form an obstacle to the circulation that the force of the 
heart is no longer strong enough to overcome. Dr. Bleile used low- 
pressure currents, i.e., of about 120 volts. Now it is not difficult to 
prove (the recent experiments of Prévost and Batelli and of Cunning- 
ham have done this) that when death occurs by low-pressure currents, 
it occurs by direct action on the heart, with an immediate fall in blood- 
pressure. If Dr. Bleile's experiments had been quite correct, if there is 
a contraction produced in the capillaries—if, in other words, there is an 
obstacle to the flow of the blood, and the heart goes on working, it 
follows that the blood-pressure ought to have risen. In point of fact it 
appears to be demonstrated by the most recent experiments that a 
strong current applied to the body percutaneously, that is through the 
skin, acts as a weaker current would do if the latter were applied direct 
to the heart. Now if you apply tetanising induction shocks to the 
exposed heart of a dog—what happens? The regular ventricular con- 
tractions cease at once, and there is produced a condition of irregular 
arhythmic contraction known as “ fibrillar contraction” ; that is to say 
the contraction of the ventricle loses its rhythm and regularity, and 
there is an immediate fall in blood-pressure. This is just the state of 
things as demonstrated by the experiments of Prevost and Batelli, as 
well as by those of Cunningham. When a low-pressure current kills, it 
kills by acting directly upon the heart, and it acts upon the heart bv 
producing this condition of “ fibrillar contraction," from which the 
mammalian heart rarely recovers—in fact it acts as a weaker current 
would do in a physiological experiment when the heart is exposed. 

Of course it follows that if the heart is the organ acted upon on 
those occasions the position of the electrodes and the path oí the 
current is a matter of very great consequence. These experiments 
prove that these low-pressure currents are fatal in proportion to the 
directness with which the heart lies in their path. This has been 
proved over and over again, I think. Cunningham applied the contacts 
to the head and to the hind leg, and he could kill small dogs with 
1o volts. He applied them to the head and fore legs, and it took 8o volts 
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to kill them. The same thing was proved in the earlier executions in 
America. In,I think, the second execution that took place, the contacts 
were the head and the arms, and although there was a current running 
through the body under a pressure of 1,700 volts, another application 
had to be made. The position of the electrode was altered to the calf, 
and it was not until that was done that death was pronounced to have 
occurred ; so that the position of the electrode makes all the difference 
in estimating the probabilities ot death by electric currents. 

The pressures that have proved dangerous have been so very 
varying that it is almost impossible to go into the question. We know 
there have been fatal accidents from pressures of 95 or 100 volts. I 
know one case at least in which death has taken place with such low 
pressures, and I daresay others know of many more. With regard to 
the question of energy and work, I think some of Cunningham's experi- 
ments show that a guinea-pig weighing 1 lb. required 400 joules to kill 
it, whilst one weighing ten ounces took only 250 joules, so that there 
was some relationship between the weight of an animal and the amount 
of electrical work necessary to kill it. A periodicity of 130 or so is the 
most fatal frequencv. 

The condition of health that the person is in when he receives the 
shock is referred to in Mr. Aspinall's paper. It has been proved that 
alternating currents were not so fatal when the animal was anesthetised, 
and therefore its muscles relaxed, in which case tetanic contractions 
would not be produced. That goes to show that the severe tetanic 
contractions have some influence on the fatal results. 

But the great points that I wish to bring forward are—(1) that low- 
pressure currents kill by direct action on the heart, and this is usually 
what happens in accidents in the electrical industries ; (2) high-pressure 
currents (i.e., currents over 1,200 volts and up to, say, 5,000 volts) acting 
as such, kill in a different way ; they act by inhibiting the respiration, 
and the heart stops in consequence of the asphyxia; (3) a current of 
enormous intensity and voltage may doubtless kill by disruption of 
tissue and possibly by heat coagulation of the cellular elements of 
the tissues. It is suggested that high-pressure currents may often act 
as low-pressure: currents owing to bad contacts, etc. When low- 
pressure currents are not fatal there may be a temporary inhibition of 
the heart's action, and syncope. In that condition of things the state- 
ment of Mr. Aspinall with reference to the effects of lowering the head 
is certainly sound and sensible; it is a very usual thing to meet with 
syncope in cases of electric accidents where the currents have not proved 
fatal. 

'The pain that is felt by the application of strong currents we can 
only gather from the testimony of those who have recovered. It appears 
that the pain is not very great, not perhaps greater than the pain from 
a fairly strong shock from an induction coil. But even in the case of 
fatal currents I think it is proved that it is quite possible that there may 
be time for a person to be aware that he has received an electric 
shock before consciousness is lost. There cannot be time for more 
than this, because we know in these cases the cerebral circulation is 
almost immediately extinguished, and that therefore the function of the 
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cerebral cortex would be simultaneously abolished. ‘ Immediately ” 
is a word that must be guardedly used in this connection ; no result can 
follow its cause absolutely instantaneously. But perception is a very 
slow process—a nerve wave is a very slow thing; probably neither 
peripheral nerve nor cerebral apparatus can vibrate more than ten 
times a second. It has been stated by Richet that neither in the case 
of feeling, volition, nor thought can the process be repeated more 
than ro or 12 times a second. We say “quick as thought,” but how 
slow is this in comparison with the vibrations that you are accustomed 
to in light and electricity. 

The after effects of electric shock are very various. You have 
syncope for some little time occasionally. Paralysis is, so far as I know, 
not very common; delirium has, I believe, been known to follow 
electric shock, and a very large number of cases known as traumatic 
neurasthenia—I believe you all know what that is. You see it follow 
railway and other severe accidents. A man is in a collision and he has 
apparently escaped without injury, and may even assist others at the 
time of the accident ; but as days go on his nervous system begins to 
break down and he cannot give attention to his business; and there 
are a number of other symptoms which together constitute a very 
characteristic picture. I have seen cases of that condition as the result 
of electric shock. Sometimes it isa case of damages in the Law Courts, 
and the recovery after the damages are awarded is remarkably rapid 
sometimes. Still the condition is often a very real one, and has to be 
reckoned with. 

. With reference to Mr. Trotter's demonstration, I was surprised to 
hear that you could take 8 or 10 milliamperes without pain under a pres- 
sure of two to three hundred volts. I was surprised at that, because 
when I use currents from the street for electrotherapeutic purposes I 
find that if I use тоо volts through a resistance in series with the 
patients body it is very painful. Whereas if I use just the exact 
number of volts that are necessary to get the current through the body 
it is much less painful. 

A point about which I should like to ask Mr. Trotter is, how far his 
experiments really represent working conditions? I understand that 
he used a battery circuit, and I should like to be told of the physical 
differences there are between a battery circuit and a dynamo circuit. 
I suppose in a case of a battery circuit you would bave to take into 
consideration the capacity, the internal resistance, and condition of 
charge of the cells, and in the dynamo circuit you would have to con- 
sider the kinetic energy and self-induction of the dfnamo. Certainly 
these experiments of Mr. Trotter’s were very instructive. They seem 
to demonstrate what of course was not altogether unknown before, viz., 
that with finger-tip or other imperfect contact and the high resistance 
of dry clothing, etc., you can take a large number of volts with im- 
punity. In fact they prove what 500 volts will no? do under unfavour- 
able electrical conditions, but they do not prove what соо volts will do 
under favourable electrical conditions I am sorry to say that an 
accident has demonstrated the latter; it was not many days after these 
experiments that an unfortunate man in Sheffield killed himself and 


1902. | ELECTRIC SHOCKS : DISCUSSION. 783 


injured his friend by *larking" with 200 volts. It would indeed be 
an unfortunate result of this discussion were we unwittingly to throw 
dust in the eyes of the public by minimising the risks of electric 
shock. 

Mr. H. FEARON : I1 am an Associate of the Institution, and also one 
of his Majesty's inspectors of factories, therefore the last part of Gen. 
Webber's paper has been of very special interest to me. I think the 
view taken by him that the industry is opposed to the inclusion of 
electrical generating works and transformer stations under the Act is 
incorrect ; and I form this opinion entirely from conversations I have 
had with consulting engineers, manufacturers, and electrical generating 
engineers. 

Consulting engineers have told me on more than one occasion that 
financial promoters of companies will not listen to any special pre- 
cautions being taken which entail extra expense, and that therefore 
machinery and appliances are erected which, although first-rate elec- 
trically, are in no sense safe. I remember very well, after an inquest, 
asking the consulting engineer, who designed the appliance through 
which a man had been killed, how it was that he had passed it ; and 
he replied that it was simply a matter of capital. Apparently that was 
thought to be quite a sufficient reason. Manufacturers, with whom 
I am intouch in my official capacity, tell me that they consider that 
if regulations, such as these recommendations, were made, it would be 
a real blessing to them, because at the present time they can only 
supply exactly what is specified ; they cannot possibly supply perfectly 
safe switches, when they have to compete with firms who supply un- 
safe switches. One manufacturer summed it up by saying, “If you 
would only give us one common base line on which to work, and below 
which competition cannot drive us, it would be a first-rate thing for 
us.” Station engineers have told me the same story: I have visited 
many during the last two years to inquire how far these recommenda- 
tions were carried out, and what objections were taken to them, and in 
not a single case have I heard any opposition to the principles of these 
recommendations, but, on the other hand, in many cases they have 
been welcomed. Station engineers have told me that they have very 
little choice in the plant they have to work with; it is generally left 
to the consulting engineers. Again, when they take up a new appoint- 
ment they find the plant old and often unsafe, but they cannot get 


alterations made, partly because the electricity committees over them: 


do not realise the danger; also they have told me that consulting 
engineers do not like their work overhauled. I remember the pleasure 
of one engineer when I told him that the electricity committee of his 
corporation must be prepared to be prosecuted if they did not protect 
their switches—which he had over and over again asked should be 
protected but had been refused. I also very well remember a mains 
superintendent’s pleasure when I told him that I was going strongly to 
recommend that his transformer cases should be efficiently earthed ; 
he begged me on no account to mention that I could not enforce it. 
Although some engineers have thought that some of the recommen- 
dations were rather too stringent, others have suggested not only the 
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strengthening of these particular recommendations, but additional 
recommendations which ought to be included. I would like to repeat 
that I cannot remember a single case in which any real friction has 
arisen, and to record the splendid way in which generating station 
engineers have carried out these recommendations, although they knew 
perfectly well that a great many of them could not be enforced legally. 
Therefore, from these different opinions, I do not think that the in- 
dustry reallv opposes its inclusion under the Factory Act. 

Tarning to the recommendations themselves, there is unfortunately 
an important omission from the paper, namely, that these recommen- 
dations only apply to high-pressure stations—350 volts alternate and 
700 volts direct —and that they do not applv to low-pressure stations 
at all. Thev may be summed up briefly in five general principles, all 
of which I believe are thoroughly sound, and no exception has been 
taken to them. (1) That the metal which is not part of the circuit 
should be earthed ; (2) that the live metal should be protected with 
insulated material ; (3) that no work should be done on high-pressure 
metal except in cases of urgent necessity, and then only by skilled 
men; (4) when work has to be done on high-pressure metal, proper 
safeguards such as gloves and insulated mats should be supplied ; and 
(5) artificial respiration should be thoroughly understood. I believe 
those principles are perfectly sound. 

General Webber asks that the following points may be considered : 
“Тһе power of rendering it impossible for any person inadvertently to 
touch two parts of all apparatus which diffét opposingly under high 
pressure, as laid down in III. and VI." With regard to switchboards, 
I believe there is no difficulty whatever in designing new boards to 
meet these requirements, and many of our best engineers have already 
done so. Although there may be certain difficulty in bringing old 
boards up to the standard, it certainly can be done, and I know 
that a great many station engineers have already done it. On 
running machinery there are three points to be considered — the 
terminals, the collector rings, and the commutators of direct-current 
machines. I think those are the only bare parts. There is no 
difficulty about covering up terminals. It is generally done in new 
work, although it was not done a very few years ago ; and there are 
still a great number of terminals on high-pressure machines which are 
not yet, but could well be, covered. Collector rings cause more diffi- 
culty ; but they’ need very little attention when running, and they аге 
already in a few cases covered up with glass covers. Commutators of 
direct-current machines really cause the chief difficulty, because a 
single sparking brush may have to be adjusted when it is running, and 
it will be very difficult fully to carry out this recommendation in this 
particular case. 

Mr. S. Joyce: I was especially interested in Mr. Aspinall's statement 
that when burning occurs the victim seems to be more or less 
protected. To make the matter clearer to myself I made a few 
calculations, which I have put into a table (p. 785), that gives some 
rather interesting results. I have assumed that the real resistance of 
the body, if we can такс an efficient contact, is 500 ohms, but that the 
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CONDITIONS UNDER WHICH BURNING TAKES PLACE AT 2,000 VOLTS. THE Mr. Joyce. 
RESISTANCE OF THE Вору 18 TAKEN AS 500 OHMS PLUS CONTACT 
RESISTANCE. 


| 


о 500 4°00 8,000 о | о 

10 510 392 7,683 157 | 0:58 

| 50 550 363 6,588 672 2:48 

| 100 600 3°33 5,544 1,122 405 
200 700 2:85 4,067 1,639 6:06 | 
| 400 900 2:22 2,404 1,980 732 | 
| 500 1,000 2°00 2,000 2,000 7°40 | 
700 1,200 1°66 | 1,377 1,956 723 | 
| 19,500 20,000 "0 | 5 195 072 | 
| 199,500 200,000 ‘Ol | 0'05 20 0°07 | 


resistance in practice is greater than this owing to the more or less 
imperfect contact. I have called that imperfect contact “local 
resistance " in the first column of the table. Assuming that the shock 
is taken at 2,000 volts, with very perfect contact indeed, you will see 
that the energy expended in the body may be as much as 8,000 watts. 
But even if there still be a very good contact, the local resistance being 
only ten ohms at the contacts, we reduce the energy expended in the 
body to 7,683 watts, with a difference of 157 watts expended at the 
contacts; and this we may call the energy expended in burning. 
The maximum energy possibly expended in burning would be when 
the contact resistance is 500 ohms, and then as much as 2,000 watts 
could be so expended. I think, therefore, that Mr. Aspinall's con- 
clusion, that protection results from this burning, may not be quite the 
case; because with a resistance of 50 ohms we get as much as 
672 watts expended in burning, with 6,588 out of 8,000 expended in 
the body. In order to assist the appreciation of what this burning may 
be, I have entered in the last column of the table the energy expended 
at the contacts, expressed in terms of the number of the cubic centimetres 
of water raised to boiling point from the normal temperature of the 
body, say 35 degrees centigrade, and this shows that a very considerable 
quantity of water can be raised to the boiling point even in one 
second. The worst case is where the maximum burning occurs wher 
nearly 74 c.c. of water can be raised to boiling point per second at 
2,000 watts. I have also given some figures in the table showing cases 
where very imperfect contact is made, where the contact resistance 
Vor. 81. 02 
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practically extinguishes the resistance of the body altogether as an 
important item of the circuit ; there still considerable burning results, 
but the shock itself may be reduced to a very small amount. 

With reference to one or two other points in the paper, it seems to 
me the question is rather one of the current which can produce such a 
serious effect as to cause death. We are rather apt to speak of high- 
pressure and low-pressure circuits, but, after all, seeing the variable 
resistance which may be introduced into the circuit owing to the more 
or less perfect contact made with the body, it seems to me that even 
what we are sometimes apt to call a low-pressure circuit of, say, 
200 volts may be as dangerous as a high-pressure circuit of 2,000 ог 
more volts, according to the nature of the contact. I am sorry that 
Dr. Hedley was not able to give us any figures showing the effects of 
certain currents on the body. It appears to be a mistake to suppose 
that a current of a few milliamperes is more dangerous when produced 
by 2,000 volts than it is when produced by 20 volts. It must surely be 
the energy expended in the body which produces the damage, and that 
is, of course, quite irrespective of the pressure producing it, when we 
have eliminated the contact resistances. 

Dr. T. M. LEGGE : I have to express to the Institution the thanks of 
the members of the Factory Department of the Home Office for the 
courtesy you have extended to them in inviting them to be present at 
this discussion. I have read most of the papers that have been written 
on the subject of death from electric shock, and have been considerably 
confused by the varying views as to the causation. Therefore I will 
not recount them ; but there is this to remember, that the one fact 
which is absolutely certain is that the post-mortem appearances that 
are presented from electrical shock, whether in man or in animals, are 


' always the same, and show that it is the result of asphyxia ог suffoca- 


tion, the right side of the heart is always engorged with blood, the 
lungs are congested, and the blood is collected in the great veins of the 
trunk. It seems, therefore, possible to exaggerate the importance of 
trying to determine whether this is due (1) to primary inhibition of the 
respiratory centre followed secondarily by failure of the heart, (2) 
primary inhibition of the cardiac centre followed secondarily by failure 
of the respirations, (3) direct action of the current on the heart itself, 
and (4) contraction of the arteries and capillaries, pressure thereby 
being set up, which the heart is unable to overcome. All those views 
have been supported by eminent physiologists. I think the explanation 
of the variations is due first to the different kinds of animals that were 
experimented on. The results of experiments on dogs and cats give 
different results from experiments with guinea-pigs and rabbits, which 
are far less susceptible to electric shock. "Then again, I think it is due 
to the failure to appreciate sufficiently the importance of what is meant 
by strength of current rather than mere voltage, and lastly to the 
differences resulting from the point on the body at which contact was 
made. I believe with Dr. Hedley that the most valuable experiments 
are those of Prévost and Baccelli. Their two main conclusions, the 
results of some 170 experiments, are that—(r), with high-pressure 
alternating currents on dogs, arrest of respiration: is always the first 
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thing, and in those cases artificial respiration is successful; (2), with 
low tension, 170 volts or less, there is no effect on the respiration, but 
the heart is thrown into a condition of fibrillary contraction from which 
it does not recover, and in those cases artificial respiration is unsuc- 
cessful. But he finds that if within a very limited period of time 
(fifteen seconds), while the heart is in that state of fibrillary contraction, 
a high-tension current is passed through, the heart will begin to beat ; 
the respiration will cease, but that can be restored by artificial respira- 
tion. With regard to the question of artificial respiration, I know the 
recommendations that have been published by the Electrical Review, 
and I am not sure whether the time has not now come for them to 
be somewhat revised, and a little more information given than they 
contain. I have also seen the recommendations and suggestions 
issued by Mr. Cottrell, of Liverpool, to the personnel of his department 
with regard to accident from electric shock. I regret to see that he 
makes no allusion to Sylvester's method in the paragraph dealing with 
artificial respiration ; he relies entirely on Professor Laborde's method 
of rhythmical traction on the tongue. As far as I know, the rationalé 
of Professor Laborde's method rests on the assumption that the 
respiratory centre in the brain is intact, and that if that can be 
stimulated natural respiration will ensue. The -nerve supply of the 
tongue is such as to bring this about when traction is made upon it 
rhythmically. But if the respiratory centre, as is most probable after 
electric shock, is in a state of partial or complete paralysis, and unable 
to appreciate these messages, it seems to me important that Sylvester's 
method of artificial respiration should be used in addition to rhythmic 
traction on the tongue. 

Mr. H. M. Sayers: This series of papers is full of interest, and no 
one in the few minutes which he may fairly take up can properly deal 
with all the points that rise to his mind. I shall therefore try to 
confine myself to one or two particular parts. In the first place, a 
personal experience of shock has been my lot on two occasions. 


When I say shock, I mean. shock that has deprived me of conscious- : 


ness. On one occasion I took a shock from the right hand to both 
feet, making a shunt off a lighting circuit. The number of volts could 
not have been more than goo—that is to say, the virtual volts from a 
Brush arc-lighting machine. Doubtless the undulations gave consider- 
ably more than that. The effect was to knock me down. I lost con- 
Sciousness and power, but they returned almost at once; in fact, I 
was even aware of the bump of my head upon the extremely hard 
pavement upon which I fell. It was a cast-iron tramway, as it happened. 
I had a slight burn on the fingers, but beyond that and the nervous 
weakness for a few hours afterwards nothing followed. 

The second time I managed to put myself in circuit with a Brush 
arc-lighter. It was one of the old *40-light" machines; therefore 
there were at least 2,000 volts in effect. What else there was I do not 
know, but I broke a circuit in which there were about 32 arc-lamps 
and about six miles of underground cable, so that there was probably 
considerable “extra current" as well. Happily I was not grasping 
anything that was sufficiently large or strong to resist the muscular 
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contraction. I fell away instantly. I lost consciousness very rapidly, 
but I recovered it almost as rapidly. I had a pair of pliers in my hand. 
I heard those pliers fall to the ground, and I must have heard that after 
I recovered consciousness. When I looked for the pliers I found them 
about то ft. away from where I was standing; so that the time taken 
for those pliers to fly 1o ft. and fall 3 ft. measured the time of the loss 
of consciousness and the recovery of consciousness as regards sense. 
On that occasion I took the current from hand to hand, and there 
again no serious consequence followed. I had some rather sore burns, 
and was considerably shaken up. Very rapid loss of consciousness 
follows on severe shock from other causes. I happen once to have 
been stunned by a blow on the head which caused a severe scalp 
wound. I was utterly unconscious of the pain, but whether that was 
actual unconsciousness or due to loss of memory, I am not quite 
certain. It was a day or two after the accident before I could 
remember with any sort of clearness what had led up to the accident, 
but no memory of pain came to me at all. In the same way with a 
severe electric shock, in both cases in which I have suffered them 
there has been no pain. There has been a very slight tingle, and the 
sensation that one gets from a low voltage * shocking coil" or a small 
magneto machine, but nothing approaching pain. 

With regard to the question of how a shock kills, after the medical 
evidence we have heard to-night it would be foolish of me to issue my 
ipse dixit or to discuss the matter at all. I would like to point out, how- 
ever, that Dr. Margaret Cleaves has collected a very large amount of 
evidence as to fatal shocks on human subjects, that she has published 
a collection of facts which have been republished in this country in 
the Electrical Review, and perhaps something may be learned by those 
capable of judgment from her study of the facts. As far as I have 
read them, they seem to be simply a record of facts, and apparently 
no attempt has been made to generalise from them. I do not say 
that in any tone of complaint, and I mention the work because I think 
it is a rather valuable mine of information. 

Dr. Hedley certainly rather astonished me by talking about the 
difference between a low-pressure current and a high-pressure 
current. I want to know this. If one is shocked by a high 
pressure, other things being equal, the current must be in excess of 
that given by the low pressure. I am not disputing that a high 
pressure may kill by its action on the respiratory centres; but if the 
current that is sufficient to kill by action on the respiratory centres is 
in excess of that which is sufficient to kill by action on the heart, are 
we to understand that a small current will stop the heart, and that a 
large current sets the heart going again? That is the only electrical 
conclusion one can draw from the language used. It does not seem 
logical, and I would like to know what is meant. 

I may say from what I have heard and seen, I judge that the cause 
of death in electric shock is generally asphyxia. The fact that the 
whole of the blood in the body is black—blacker than ordinary venous 
blood—seems to prove that beyond any sort of question ; and tbat that 
blackness is due to want of aération is proved by the fact that the blood 
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becomes scarlet again on exposure to the atmosphere even after death. 
The extreme blackness, I should like to suggest for the consideration of 
medical men who should be in a position to judge, may be due in part 
to the large amount of waste material thrown into the blood from the 
excessive muscular contractions. The large amount of waste material 
and the absence of aération seems to me to account for that particular 
phenomenon. I imagine that the suspension of the action of the heart 
is temporary, and that the heart tends to resume its proper rhythmic 
contraction after the disturbing cause has passed, if the damage to the 
nervous centres has not been too great. 1 wonder if there is anything 
in the following suggestion? The ganglia which I believe control the 
heart’s action are imbedded in the substance of the heart itself. They 
arc therefore surrounded by a mass of muscle and blood, which are 
relatively much better electrical conductors than the nervous matter 
of which the ganglia are composed. They may therefore be shielded 
to a very large extent from the current which is passing through the 
mass of the heart. I believe that the ganglia which control the respira- 
tory action are not so shielded ; and the difference between the sensi- 
tivity of the two sets may be simply due to the fact that the one is 
shunted by the conducting mass in which it is fixed, and that the other 
is not so shunted because the mass is not so conducting. 

There is one more thing I should like to say. We have heard from 
the Home Office of its most benevolent intentions towards the industry. 
We never doubted it. The feeling of the industry I think I may say I 
know a little more about than do the inspectors from the Home Office. 
The central station engineers whom they had the good fortune to meet, 
seemed to me to have been of a somewhat flabby description. If they 
could not get their directors or their committee to make their switch- 
boards safe to human life, I think it was not only the switchboards that 
wanted scrapping. Our feeling about it is this: The factory inspectors 
of the Home office have been dealing for many years with textile 
factories and places of that kind where there are large numbers of 
women and children of both sexes, who are crowded together in close 
proximity to moving machinery. They have no technical knowledge ; 
they have hardly sufficient consciousness of the dangers which they 
are close to. Therefore, they do require protection from their own 
ignorance and from the exigencies of the business. They also require 
protection as regards cleanliness, sanitary arrangements, ventilation, 
and other things of that kind. But a generating station, a central 
station, is an entirely different arrangement. Where there are 600 
people in a cotton-spinning mill, in the same cubic space you will find 
six men in a central station—not women and children, but men, and 
men each of whom knows what he is handling, each of whom knows 
the dangers around him, each of whom knows what he has to 
touch and what he has to leave alone. You find also, instead of the 
cheapest and roughest kind of building such as you frequently find in 
factories, such materials as glazed bricks. I believe that the Factory 
Act Regulations say that all factories must be whitewashed twice a year. 
Are we to whitewash glazed bricks? Another difference is this: A 
factory may be stopped for half an hour, or half a day or a day, with 
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no serious loss and with no serious inconvenience beyond the mere 
loss of product; but a central station if it is stopped half a minute, 
plunges thousands of people into darkness and stops thousands of 
machines. Can any one gauge what damage to life or property may 
result? The factory inspector is not in a position to judge which of 
his precautions are likely to prevent rapid attention and rapid observa- 
tion of occurrences which may cause a breakdown to the factory and 
a cessation of the supply which it is there to give. I therefore think 
that the habit of mind which has grown up—quite properly grown up, 
perhaps—in respect to ordinary factories, is not the habit of mind 
which is fitted to come into a place upon which a great public service 
depends, and to say, “ This you shall do and this you shall not do,” 
and which can haul you before a magistrate without anything more 
than its ipse dixit, and make you carryjout its commands ог commit you 
to prison. 

Mr. W. VALENTINE BALL : I wish to refer to the legal aspect of the 
case. The Factory Act of 1901 has to be accepted, as it came into force at 
the commencement of this year. With the policy, therefore, of including 
electrical stations within the Factory Acts we now have nothing to do, 
but only to consider what the effect of that inclusion actually is. It 
has one peculiar effect which I do not think is generally known, 
namely, that it brings within the Workmen's Compensation Act all the 
generating stations which are brought within the Factory Acts. This 
comes about owing to that extraordinary system of "legislation by 
reference" which has been so much in vogue of recent years, and 
which, as applied to the Electric Lighting Acts, has been of very great 
disadvantage. The word “Factory” for the purpose of the Workmen's 
Compensation Act is defined in the Factories Acts. Now by the recent 
Act the meaning of the word “ factory " was extended so as to include 
generating stations, i.e., “ Any premises or that part of any premises in 
which electrical energy is generated or transformed for the purpose of 
supply or trade, or for the lighting of any place or of any hotel, railway, 
mine, or other industrial undertaking." So that the owner of a hotel 
who has his private installation to light the hotel becomes liable to pay 
compensation to any workman who is killed in the performance of his 
duty in connection with the lighting of that building. That is a very 
important matter for electrical engineers to consider when they discuss 
the question whether the proposed rules are for their benefit or not. 
This Act has placed responsibility upon them. Therefore, every rule 
which makes for the protection and safety of the workman seems to 
me to work a benefit to the employer as well. Whether that opinion 
meets with the sympathy of the meeting I cannot undertake to say. 
The last speaker referred to the disadvantage of applying the Factory 
Acts to generating stations, and he described in glowing terms how 
foolish it would be to whitewash a glazed brick wall. I think the 
meeting agrees with him upon that, but there is this important fact to 
remeniber, that a. generating station will probably only employ men. 
Therefore many of the regulations which are made under the Factory 
Acts, and which are included in the new Act, have no application what- 
ever to electrical generating stations. He also mentioned that the 
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factory inspectors have been in the habit of controlling industries 
where women and children are employed, but their jurisdiction has 
also extended to factories where men only are employed, and therefore 
any training which they have there obtained will be of use to them in 
controlling the new industries to which they are now introduced. 

Mr. H. FEARON : With regard to the questions raised by the last 
speakers, generating stations are factories and not workshops, and 
therefore the sanitary provisions will apply to them, but they have been 
specially exempted from the lime-washing provisions. 

(Communicated).—Electric Generating and Transformer Stations are 
now scheduled as being factories under the new Factory Act, 1901, and 
in consequence all the ordinary provisions of it now apply to them, 
with the exception of the clause which requires factories to be lime- 
washed. The provision that most affects them is that “ all dangerous 
parts, of the machinery must be securely fenced” ; according to the 
decision of the Magistrate at Greenwich Police Court in December, 
1900, this includes an unprotected high-pressure live switch on a 
switchboard away from the running machinery. Most of the Recom- 
mendations issued by the Home Office and quoted by General Webber 
are not yet law, and only those which refer to covering up high-pressure 
metal can now be enforced. 

The Home Secretary has, however, power to make Special Rules 
for any Dangerous Trade, as has already been done in White Lead, 
Pottery, Phosphorus Match, and other trades. Before any special 
rules become law, suggested rules must be published, written objections 
to them received, if necessary an inquiry held, and finally they must 
be laid for forty days before both Houses of Parliament. If they are 
not annulled during that time they become law. No such action has 
yet been taken by the Home Secretary. 

Dr. LEwis JoNEs: As much of the ground has already been covered, 
I propose to speak only on a few things which seem to me of interest. 
With regard to Major-General Webber's “ heresy,” as we think it, I am 
quite in accord with Dr. Hedley that the heart is at any rate the chief 
factor in propelling the blood through the system. In the mechanics 
of the circulation I should be inclined to say that the heart is the 
source of energy, and the circulation through the blood-vessels is the 
sink of energy. Passing now to Mr. Trotter's paper, there 15 not a 
great deal to say about such a lucid and succinct exposition of 
straightforward facts. It does not leave much room for discussion, 
and I can only say that, to me, at least, it was very instructive. I 
had always thought there was a good deal of danger from contacts 
with soo-volt circuits. Ав I have sat upon a tram-car and seen how 
near the trolley wires were underneath some of the bridges, I certainly 
thought the arrangement was a little dangerous. I am glad to know 
that an accidental touch of the trolley wire is not likely to do serious 
harm. Mr. Aspinall's paper provides a feast of material for discussion. 
I must congratulate Mr. Aspinall upon the excellent medical paper 
which he has contributed. It is full of most suggestive matter, and 
most conveniently arranged in the form of a series of questions. I 
propose to run through itas quickly as possible, and to do what I can 
to answer his questions. 
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“т. Is every one equally susceptible to an electric shock?” I take it 
that everybody is susceptible, though in unequal degrees. 

* 2. Is a person suffering from disease more likely to be fatally 
injured by an electric shock than a person in good health?” To that 
we may answer, Undoubtedly so. There are in all communities, at any 
rate in all civilised communities, a number of more or less infirm 
people, and a little thing is enough to upset the equilibrium of some of 
these. Between those of strong vigorous constitution and those who 
are enfeebled by disease or old age there are many varying degrees of 
capacity for resistance to shocks of all kinds. A given shock passed 
through a hundred people might undoubtedly kill some and leave others 
unkilled. The question is on all fours with that as to whether the same 
amount of mechanical shock would be enough to stop all watches. 
But we know that some are stopped by a very little jar, while others 
will stand a fall to the ground without stopping. With men it is just 
the same, both for electric and for other shocks. There are people to 
whom it would be dangerous to give any sort of a shock, and that has 
something to do with the cases we see reported of deaths from 
electricity at comparatively low voltages. We are not now discussing 
how high a voltage a man could stand and escape with his life, or how 
low a voltage a man might die from. But rather the question, what is the 
pressure which in nine cases out of ten is likely to prove fatal ; and what 
are the pressures which in most cases one can touch and yet survive un- 
damaged? Apart from cases in which from various causes the vitality 
is low, there are diseases in which the skin is apt to be moist, and 
in these the electrical resistance is low. Such people would obviously 
derive a larger current from a given electro-motive force than people 
with dry or horny skin. For example, a person who returns to his 
work after an illness with a thin epidermis and a moist or clammy skin 
would be in a relatively dangerous condition, whereas a man in regular 
work with a dry and horny skin could stand the same pressures better. 
It is the horny skin of the workman which protects him best. At the 
trials which followed our last meeting I was unable to trust my fingers 
to any higher pressure than 200 volts. My skin is thin and often moist, 
and on that evening it was damp and close, and 200 volts from finger to 
finger or from finger to foot gave me all the current that I cared 
to take. With regard to the current which a person can carry and 
live, it is certain that they can carry 200 milliamperes. That quantity is 
sometimes applied in certain forms of medical treatment, and with 
certain precautions it is borne with comparative comfort. As a guess, 
and it is only a guess, I should be inclined to say that something like 
half an ampere or more is necessary to kill a patient, but that the 
minimum fatal current is bound to vary very widely with the condition 
of the patient and with the path which the current takes in him. Mr. 
Aspinall told us of a case where a woman was so unsusceptible to 
induction coil shocks that she was able to take the money out of a bowl 
when others could not. If one comes to medical curiosities I can cap 
that with the following : I remember a patient who was able to feel the 
simple touch of an electrode upon the surface of one half of her body, 
and yet felt nothing whatever of the strongest induction-coil currents 
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that we could apply to her through the electrode. There are these rare 
peculiarities. Just as there are diseases in which a patient sweats 
much and has a very low resistance, so there are cases where the sen- 
sory nerves are affected and there arc forms of paralysis in which the 
strongest currents are hardly felt. 

Question 3 asks, “ Does the physiological condition one is in at the 
time a shock is received make any difference ?" Undoubtedly it does, 
in many ways. I can quite believe that alcohol in certain quantities 
might enable a man to stand a larger current by, as it were, benumbing 
that part of the nervous system which has to do with the beating of the 
heart. There are nerves in the body which control the beat of the 
heart ;—stimulate them and the heartstops. If these nerves have their 
action suspended by any drug such as alcohol, the heart may be able to 
stand rather more stress of current than before. When it comes to 
the condition of perspiration, I think I must disagree with Mr. Aspinall. 
He suggests that the wet skin, or rather the wet shirt of a person 
perspiring freely might so shunt the current as to protect the victim. 
It seems to me that with any self-respecting dynamo a wet shirt could 
not so short-circuit the current as to cause any great fall of potential at 
the point of contact. I feel sure that the person referred to who 
escaped with his life, escaped not because of the perspiration, but in 
spite of it, and that his danger was very much greater than it would 
have been if his shirt and skin had been dry. The fact of people 
not feeling a shock when they are asleep is new and interesting, and I 
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hope to have an opportunity of trying the experiment one of these days. . 


Ás to the importance of the path of the current through the body, 
I think most of us are agreed that the current must go through a vital 
part—that is to say, that there are such things as vital parts and non-vital 
parts. I believe that a patient standing on two conductors might carry an 
enormous current through the legs, enough to burn his feet very severely 
without being killed by the electric shock, although the secondary 
consequences of the burns might kill him. To kill by an electric shock, 
the current must go through some of the vital parts of the body. In 
my opinion that is generally the heart; it may sometimes be the central 
nervous system, but in a series of experiments I witnessed some time 
ago, it was obvious that a path through the heart was necessary to kill 
the animal. The same current which killed the animal when passed 
from one side of the chest to the other, when passed through the skull 
of another similar animal not only did not kill it, but roused it from 
the deepest chloroform narcosis. So there is clearly in some animals at 
least, and with certain pressures, a considerable importance in the path 
which the current takes. I think the most susceptible of the vital 
organs is the heart, and that, asa rule, in the fatal cases the patient dies 
because his heart is stopped by shock, and once his heart is com- 
pletely stopped, it is almost impossible to get it started again. Whether 
that is the case in all fatal cases I do not know; whether that is the 
case in the non-fatal cases is even more doubtful because of what I have 
just said, namely, that the human heart once dead-stopped is not easily 
set going again. The respiratory apparatus is also a vital organ, and 
appears to be the part affected in the cases reported as having 
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recovered after artificial respiration. Some of those cases, it seems 
to me, proved too much. For example, the well-known case reported 
by D'Arsonval, where the patient was left twenty minutes or half 
an hour before any artificial respiration was attempted at all. I have 
the opinion that he was not so much in a state of asphyxia from shock 
to his respiratory system, but that he was rather in a state of suspended 
animation with heart and lungs still working very feebly and faintly. 
Mr. Aspinall in his paper recounts a similar case where a man came 
round spontaneously without artificial respiration after a lapse of 
twenty minutes. 

As to burning, this I believe is a measure not so much of the watts 
as of the watt-hours which go through the patient. It is the long 
contact which gives a bad burn. One of the first people killed 
electrically in this country was killed by an arc-lighting machine at the 
Industries Exhibition. There a very careful fosi-morlem was made, 
and the conspicuous point about the case was that there were no 
morbid signs to show the cause of death except a minute red spot or 
slight burn on one finger. So electricity may kill with slight burning, 
or may fail to kill and yet cause great burning. The amount of 
burning certainly depends upon the duration of the contact, also no 
doubt indirectly on the potential at the point of contact, because if the 
E.M.F. is high enough to produce an arc between the metal and the 
skin, the burning at that high temperature will be very rapid and very 
severe. 

With regard to the relative dangers of alternating and direct 
current, one is tempted to draw comparisons from the relative 
painfulness, but I do not think that is much of a guide. Alternating 
current is most easily felt certainly. When using an alternating 
current in an electric bath, the usual pressure for patients is about 
five volts ; whilst with direct current without interruptions one can bear 
with ease and comfort 20, 30, or 40 volts. But I think the difference 
between these figures is no measure of the relative danger of the two 
forms of current supply. 

*8. Cannot the doctors give us a more certain method of 
ascertaining whether a man is dead or not?" "That is sometimes a 
difficult question to answer. Sometimes it is a help to scrutinise the 
pupil of the eye and the cornea, or transparent part of the eye. If a 
patient is dead, the cornea is dim and flaccid. The iris, too, loses its 
circular form, and the pupil accordingly is inclined to assume any 
shape according to the pressure applied to the globe of the eye. But 
even medical men may occasionally have a difficulty in settling whether 
a patient is really dead—sometimes it is very difficult. With regard to 
the treatment of those who receive severe shocks, I would say that the 
behaviour of the engineer who inverted the injured man and thumped 
his chest was admirable. A blow over the heart is perhaps the best 
way of trying to make the heart give one more beat, and if the heart 
can be got to give one more beat it will very often go on beating 
afterwards. The heart has a tendency to beat at a certain rhythm; if 
it once gets thrown entirely out of step it very often fails, in the higher 
mammals, to get into step again. With regard to artificial respiration 
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I feel a little uncertain what to say. It might be extremely serious for 
a medical man to say that he thought artificial respiration was not very 
valuable. I should shrink from saying that until something better 
could be proposed. So I will just say this, that there are a certain 
number of those who receive bad shocks who are dead, incurably dead, 
and that no amount of artificial respiration will revive them. But it 
seems quite clear from the reports of engineers that there are a few 
who are, as it were, knocked out of time by the shock they have 
received, and in them the artificial respiration applied does certainly 
seem to have helped to bring back consciousness, whatever may have 
been the physiological condition of their insensibility. So I would 
certainly support and endorse the using of artificial respiration in every 
case of insensibility from electric shock until we have something 
better to take its place ; and in addition I would advocate the elevation 
of the lower limbs and trunk, the rhythmic traction on the tongue 
which has lately been advocated, and a smart tap over the region of the 
heart, repeated a few times in the course of the first half-minute. 


Dr. HENRY MCCLURE : I am approaching the subject as a medical D 


man, yet altogether from the physical side, and with your permission I 
wish to read an extract of a paper of mine which was read as far back 
as 1893. The paper was an attempt to explain the action of electricity 
on a certain organ of the human body, and in the course of my 
remarks I said : *I might have given my paper another title, possibly 
more appropriate, and that title would have been, ‘A Plea for more 
Consideration for the Dielectric Tissues of the Human Body. Yet in 
order to put the matter in a more concrete form, I have chosen to take 
this organ to illustrate my thesis. My contention is shortly as follows, 
that the tissues of the human body are no exception to the general law 
that all opaque bodies are necessarily conductors, and transparent 
bodies insulators or dielectrics, more or less perfect. These deaths 
from lightning or from shock would be impossible if the human 
organism were a conductor of electricity. My argument is this: That 
of course electricity passes through the organism, but that the electrical 
energy passes into the transparent tissue of the human body, the 
dielectrics, as we know it does outside. We.know the electrical 
energy does not pass through the wires of the cable—it passes outside 
the wires; and this electrical energy passing into the human body, 
from being dynamic becomes static, and is entangled in these tissues ; 
therefore we have in the dielectric a tension along the lines of electrical 
propagation and pressure at right angles to this. This would no doubt 
lead to a diminution of calibre of the arteries. We have the electricity 
entangled in the arteries and Contracting them, and the heart, beating 
against the arterial constriction, fails in the attempt. Of course the 
nerves are in this same condition of strain. 

So the whole question, to my mind, is the condition of strain in the 
dielectric tissues of the human body, and if by any means we can 
relieve that strain it will be an advantage. We find that artificial 
respiration sometimes is exceedingly helpful, and from the observations 
of Mr. Aspinall, alcohol would seem to have some protective influence. 
Alcohol is a vasomotor dilator, so is nitrite of amyl and so is nitro- 
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glycerine. We find that, men taking nitrite of amyl and nitro-glycerine 
can take a bigger shock than others who have not taken those drugs. 
We find that the skin offers an enormous resistance to the passage of 
a current of electricity ; if it were not for the many passages through it, 
the application of electricity to the human body would be impossible. 
It is gencrally accepted that the blood and its interstitial fluids are the 
true conductors of the turrent. But Erb calls attention to the fact that 
nerve and muscle offer a much greater resistance to currents traversing 
them transversely than longitudinally, five to one in nerve and nine to 
one in muscle. I consider this has an important bearing on the sub- 
ject under discussion. The solution seems to me that the transparent 
elements of nerve and muscle are in the way of the current when 
traversing them transversely, so much electricity apparently disappears ; 
it is used up in producing strain of the medium. In the longitudinal 
direction nothing is in the way; the electricity flows in the fluids 
between and outside the fibres. I think we must admit that when 
electricity encounters a dielectric some of the electrical energy seems 
to disappear, but it is not lost; we know that whenever energy dis- 
appears іп one form, it reappears without loss in another. That is, that 
the electrical energy which has seemingly disappeared has reappeared 
as molecular strain, or rather strain of atoms within the molecule, and 
we could quite conceive this strain to goon todisruption and functional 
tissue destruction. 

Мг. S. F. WALKER : I wish to give you a few details of the Sheffield 
accident to which reference has been made. The man was not killed 
by electric shock at all ; he died a/fer electric shock. I happened to 
arrive in Shefficld the evening after the inquest. I went down to the 
music-hall where the accident happened, and the manager kindly 
allowed me to see the whole thing, and explained the accident to me. 
The service is three-wire alternating 400 volts between outers, the 
middle wire earthed. There was a bracket made from brass tube of the 
usual form in the lavatory, and a lead floor underneath it, verv wet. 
There was no switch for the lamp on the bracket; they switched the 
lamp off by taking it out. There was no lamp in at the time. There 
were some steps going down to the lead-floored portion of the lavatory 
path, and the bracket was almost out of reach, just above the steps. 
The man knew just enough to make a fool of himself. He reached up 
and caught hold of the bracket with both hands with a firm grip, 
intending, apparently, to pull it down. He tore the bracket out of its 
place, made connection between the bracket and one of the wires, pre- 
sumably the live wire, by the sharp edge of the bracket cutting through 
the insulation, and he got a shock which drew him up with his feet off 
the floor. Of course he broke circuit then, but the muscles were 
apparently very much contracted, and did not immediately relax. 
He had a terrible fright, and had lost will power. He called out to 
his mate that it was killing him. His mate pulled him down pretty 
violently. The other portion of the floor was hard concrete ; he fell 
on the back of his head, and my view is that it was concussion of the 
brain, or something similar to that, which killed him. He spoke after 
he had fallen on the floor ; he said he should be all right in a minute. 
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At the coroner’s inquest no representatives of the Corporation electrical 
supply department were present. Strong remarks were made at their 
not being there, though no notice had been given them of the inquest. 
No medical evidence was presented, and no post-mortem was made. 
I wrote to the coroner and asked him if he would kindly put me in the 
way of obtaining a copy of the medical evidence. I have his letter in 
which he says there was no medical evidence called. I would suggest 
that the Institution should memoralise the Home Secretary, or whoever 
is the proper official, that in all cases of this kind, where it is at all 
practical, post-mortem examinations should be made. I feel sure we 
should get much very valuable information from them. 

Mr. M. B. FIELD (communicated): I am heartily in sympathy with 
the attempt which Mr. Trotter has made to allay the misapprehension 
under which the non-technical press and the man in the street labour 
asregards the dangers inherent in 500-volt shocks. Nowadays it is not 
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altogether an unusual occurrence for one to overhear, perhaps in a | 


railway train, at a restaurant, or elsewhere, some non-technical wise- 
acre, while dilating upon the mysteries of electric traction, explain that 
if any one should be so foolish as to touch the third rail he would 
be instantly reduced to a charred mass; or failing that, make some 
other equally extravagant statement as to the inevitable result of a 
momentary contact with a 500-volt main. 

Mr. Trotter's paper will, I hope, do much to remove such exaggerated 
notions ; but I am almost afraid some, after reading the paper, may be 
inclined to rush to the opposite extreme and consider that the dangers 
of 500-volt circuits are merely mythical. Mr. Trotter says, for example, 
on page 766, “ Neither a man in the street nor a man on the car runs any 
risk in taking 500 volts skin to metal." Personally I do not like to see 
such statements published by an eminent authority without a caution 
being appended. As I shall afterwards show, I consider a very great 
risk might be attendant upon such a procedure. Mr. Trotter goes on 
to say in explanation that he has frequently grasped a live trolley line 
in both hands from the top of a car. This may very well be done 
without feeling a shock, seeing the car itself in dry weather insulates 
the experimenter very perfectly. Grasping the handrail and flicking 
the trolley wire with the finger (supposing the handrail grounded) is to 
most people a painful operation, though by no means dangerous ; but 
grasping both handrail and trolley wire, skin to metal, will, I think 
І might say іп 75 cases out of 100, give a shock of sufficient severity to 
render the experimenter powerless to release his grasp—and therein 
lies the danger—a point not brought out by Mr. Trotter. 

The danger to life involved in a shock is not solely dependent on 
the voltage. Cases of shock of 250 volts and less have been known to 
prove fatal: while others at 5,000 have not been attended with loss 
of life. The question as to whether a shock will prove fatal or not is 
probably decided by a large number of factors: 156, the physical 
peculiarities of the subject; 2nd, the strength of current traversing 
the body; 3rd, the path traversed ; and 4th, the duration of the shock, 
etc. I should be inclined to make the following classification of 
shocks :— 
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(а) Painful, but not dangercus :—When two metallic bodies (e£. 
terminals) are grasped one in either hand, but the potential difference 
between them is sufficiently small to allow of them being voluntarily 
let go again; or when the body is momentarily placed in circuit with 
a moderate voltage * without grasping, or in such a way^that grasping 
is impossible. 

(b) Dangerous, if prolonged : — When the potential difference is suff- 
ciently great to cause the hands involuntarily to grasp the terminals 
if they touch them, and the victim is powerless to open the hands, 
though able to cry out intelligently or otherwise. 

(c) Dangerous, though nol necessarily producing immediate unconscious- 
ness :—When the potential difference is still greater, so that, while it is 
impossible to release the grip, the victim is unable to utter any cry 
whatever. 

(d) Very dangerous, unconsciousness ensuing immediately on contact :— 
Considerably higher potentials than the foregoing ; momentary contact 
produces unconsciousness and perhaps death. 

It is impossible to lay down limits of voltage for the above cases; 
they depend so much upon circumstances and individuals: but I will 
instance here a few typical cases that have come to my knowledge :— 

(1) I һауе seen а man writhing with his hands grasping two wet 
water-plates with only about 80 volts between them. Не could not 
release them, but shouted intelligible instructions. (2) I myself received 
a very severe shock from a 2,000-volt alternator running unexcited. 
I doubt if it were giving as much as 200 volts. I was standing on the 
top of a concrete wall forming part of a reservoir, in very powerful 
sunshine. My left hand came quite accidentally against a wire leading 
to a water resistance dipping into the water, and it immediately gripped 
the wire firmly. I was powerless to release my grip ; but running aloug 
the wall I sprang down (about a 5-foot drop), by which action I tore 
myself free of the wires. While in contact I could distinctly feel the 
current, first in the right, then in the left leg, at each step. I shouted, 
but could give no clear directions. (3) A man standing on fairly dry 
ground was unable to release the handle of a fuse-box which had 
become alive from a soo-volt tramway circuit. He shouted and was 
pulled off. (4) A linesman standing on the handrail of a car was unable 
to releasc a trolley wire at 500 volts he had gripped, Не shouted and 
was pulled off. (5) A man tripped over a coil of wire and made 
contact for an instant with the brush gear of a 550-volt machine. The 
contact was only momentary, for, as he lay on the floor he was quite 
clear of the machine. During his fall the brush holder had, however, 
scratched and entered the skin of the neck, and such a severe shock 
resulted that resuscitation methods were resorted to for nearly half 
an hour before any signs of life were manifested. Immediately after 
the shock his face was slate-coloured, with a greenish tendency. As he 
revived, this colour changed to yellow-green, then to yellow, and finally 
remained very white. He could not for some time articulate any sounds, 
but endeavoured to do so. (6) A few years ago I saw a poor fellow 


m who had been killed by 2,000 volts alternating. He uttered no cry (as 
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1902. | ELECTRIC SHOCKS: DISCUSSION. 799 


far as I could ascertain) but stood stiff and erect, grasping the fatal 
switch, which had become alive, for fully half a minute until the circuit 
was broken, when he instantly collapsed. 

It should be borne in mind that moderately low voltages (¢.g., 500 
volts) may be very dangerous if contact be made at a part of the body 
where an open sore or cut exists—this may easily be the case оп a 
workman's hands (vide Case 5). 

There is one important difference between high-tension direct- 
current and alternating-current systems from the point of view of 
shocks, and it is this :—With a direct-current system, provided both 
poles be thoroughly insulated, they may be touched one at а time by 
any one standing on earth without running the risk of a fatal shock. 
For example, if the insulation to earth of each pole be 30 megohms and 
the supply voltage be 3,000 volts, the current flowing to earth through 
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the body if in contact with one pole would be less than one-tenth milli- 
ampere. With the same conditions, but with an alternating system, the 
current through the body might be several thousand times as great. 
If the amount of underground cable be at all large, the insulation 
resistance of the system plays a relatively small part in reducing the 
current to earth ; for, owing to the capacity to earth of each pole, the 
body is practically forming part of a circuit of relatively low impedance 
through which a large current will flow. Take an actual case ':— 


Supply voltage, 3,000 ; frequency, 50; capacity of each pole 
to earth, 3:33 microfarads. 


The capacity current will be, in this case, 1:57 amperes. 

Now, connect a resistance of 5,000 ohms, representing a human 
body, between earth and one pole (Fig. B). Assume for the time being 
pole a is 1,000 volts above earth; the current through r will be '2 


! A single-phase case is taken by way of example, though such systems 
would usually employ concentric cables with the outers earthed. 
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amperes, and through &,, 1'05 amperes. The resultant will be го? 
amperes. This flows through &,, and therefore b will be 1,020 volts 
above earth. Combining these two voltages, as in Fig. B, we find the 
P.D. between a and b is 2,010 volts. 

Or, if we take the supply voltage at 3,000 instead 2,010, the current 
through r will be proportionately increased, viz., to "208 amperes ; that 
is to say, as far as prevention of shocks is concerned, the insulation of 
the cable is only equivalent to about 5,000 ohms to earth, though in 
reality it may measure 30 megohms or more. 

It is, of course, theoretically possible to neutralise this capacity 
effect in the usual way by connecting a corresponding self-induction 
in parallel, as in Fig. C. 

If these be perfect capacities and self-inductions, the current 
through А, l, r, would be zero; whereas, through k, and /,, com- 
paratively large currents would flow in opposite phases: v would 
likewise be zero. It certainly seems remarkable that although no 
current whatever flows from a 
to earth either through &,, 1, or 
r (representing the human body), 
an appreciable current is flowing 
between earth and 6 in each of 
the circuits k, and |. 

Of coursc, this method of con- 
necting self-inductions between 
the mains and earth to overcome 
shocks is not, really practicable ; 
firstly, because it is not possible 
to obtain sufficiently pure selí- 
inductions and capacities, i.., 
devoid of dielectric and mag- 
netic hysteresis, ohmic losses, 
etc.; secondly, true compensa- 

Fic. C. tion is only obtained at a given 

frequency, and if this frequency 

be departed from by only a small percentage, currents of fatal magni- 
tude would probably traverse the resistance 7.' 

Coming now to a more practical point, I would like to touch upon 
the treatment of those rendered unconscious by electric shock. It is 
well known that in cases of collapse, such as result from severe electric 
shock, it is highly beneficial and sometimes imperative to use artificial 
means to stimulate the action of the heart, such as the hypodermic 
injection of ether, brandy, etc. Now, it is quite possible that after such 
an accident, a medical man, hastily summoned, would not be provided 
with the necessary apparatus for the treatment referred to above. To 


! [f k and / be arranged to neutralise each other at a frequency n, then the 
combination of k and / for a frequency n + ён is equivalent to merely а single 
capacity of value k, but working a frequency 2én, instead of n + ёл if дп be 


2 
~~ positive, or to a single self-induction of value / with a frequency T if in be 


2én 
gative. 


1902.) ELECTRIC SHOCKS : DISCUSSION. 801 


meet this emergency I have hitherto recommended that all high-tension 
sub-stations and generating stations be provided with a small sealed 
case containing a hypodermic syringe, together with small phials of 
necessary drugs. I might mention that Messrs. Park, Davis & Co. supply 
aluminium cases which can be carried about in the waistcoat pocket, 
containing a hypodermic syringe, together with hypodermatic tabloids 
of strychnine nitrate, cocaine hydrochlorate, morphine sulphate, etc., 
as may be required. One of these tabloids has only to be inserted in 
the barrel of the syringe and the latter filled with pure water for 
the apparatus to be ready for use. 

One engineer with whom I was acquainted on the Continent C'aim :d 
to have saved several lives by the timely injection of ether. The 
medical profession in England seems, however, to consider it altogether 
beyond the province of unqualified persons to apply this restorative, 
and I should be glad to elicit the views of medical men on this point. 

Mr. HENRY HALL (communicated) : Not being an electrician, I feel 
some diffidence in taking part in the discussion. I gather that the 
effects of electric shocks on different individuals and on animals are 
very variable, due chiefly, no doubt, to the manner of the application of 
the electric force. This force itself, I take it, should be equal and 
constant under similar voltages and pressures, and should always 
produce the same results under a given set of circumstances. 

It will perhaps be more to the purpose to mention that in mines wc 
are now using electricity as a motive power for various purposes, such 
as coal-cutting, drilling, pumping, haulage and, in one instance, for 
winding the minerals to the surface and for raising and lowering the 
workpeople. This particular mine is unique from the fact that there 
is neither smoke nor steam to be found on the premises. These instal- 
lations and fittings are often somewhat exposed, and men and boys are 
passing to and fro all day long, but anything in the nature of a serious 
injury from shock is almost unknown, although slight shocks are quite 
common. The voltage is usually between 200 and 500. In the early 
days of electric lighting underground, some twelve years ago, there was 
one case in my district of a death by shock, and in this case it was said 
that the sufferer had interfered with the switch. Except as an inter- 
esting subject of scientific inquiry, it does not appear to be of much 
practical importance to define the precise voltage and the particular 
part of the body from its application to which death will result. 
To a layman it seems more to the purpose and a beller policy to give 
a wide margin of safety, and to adopt every possible precaution so 
that the development of electrical application may not receive set- 
backs through unfortunate accidents. One of the writers has referred 
to the accident in the Liverpool streets caused by the overhead 
telephone wires falling on the trolley line, and he tells us that there 
was at the time a concurrence of circumstances not likely ever to 
occur again. Now this standpoint may be scientifically correct, but 
in this everyday world people pay more heed to facts than to theories, 
and I believe that two or three repetitions of this accident would have 
led to the tramcars being withdrawn from the streets. 

Now, a word or two on General Webber's paper which deals 
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Мг. Hal. — almost entirely with legislation. It is natural to kick in response to 
what one looks upon as an unjust attack, but is the proposed or effected 
legislation unjust? Is it not a fact that all industries, the carrying on 
of which entails danger either to those engaged in them or to the 
public, have been subjected to official inspection and more or less 
stringent rules. Your industry cannot escape being classed in this 
category. To the initiated the risk of injury may be small, but we 
cannot all be electricians, and I think it must be admitted that to the 
uninitiated there exists a real danger and one much more insidious and 
difficult to guard against than is the case in other industries. 

Gerieral Webber tells us that the official department having control 
of these matters has assumed a somewhat militant attitude, and that — — 
rules are being forced upon the industry which are neither necessary | 
nor desirable. I have had a very long and intimate acquaintance with 
the department in question, and always found that any suggestion of 
new rules which might hamper an industry were very coldly received 
and seldom adopted. Almost in all cases the official precautions that 
are sought to be enforced are just those which the best firms adopt 
voluntarily, and the only effect of legislation is to bring the laggards 
into line. 

Mr, Mr. L. W. DE GRAVE (communicated) : I am somewhat surprised that 

de Grave. іп dealing with the subject of shocks no mention has been made of the 
time for which the shock was taken, nor of the “feeling’’ at various 
intervals of time up to the point at which the experimenter was 
satiated. I was led, some seven or eight years ago, when designing 
cables and accessories for electric distribution in mines at the pressure 
of 500 volts, to pay close attention to the effect of shocks, and have 
carefully followed the matter up to the present. Early last year, the 
unfortunate occurrence of several fatal accidents in mines induced 
me, at the request of the Institute of Mining Engineers, to publish my 
investigations on the subject (Trans. Inst. Mining Engineers, 1901, 
vol. 21, page 136; vol. 22, page 35 ; and vol. 22, page 265). 

Some abbreviated extracts bearing on the subject under discussion 
may be of interest ; I would, however, point out that in the majority of 
pits the conditions are very far removed from any of those brought 
forward by the authors of these three papers, both as regards cramped 
positions and moisture—both human and natural. 

“А shock is the passage through the body of a small electnc 
current, causing nervous and muscular contraction or cramp, and 
(if there be sufficient current passing for a sufficient time) the stoppage 
of the heart's action, due to the nervous and muscular contraction round 
the heart exerting a pressure on it. This is not generally accepted in 
the medical profession, but there are many indications that it is the 
cause. Post-mortems have resulted in the stock verdict of ‘asphyxia or 
syncope due to electric shock.’”’ 

In connection with this portion of the subject I should like to ask 
General Webber whether “ the underlying fallacy in that the heart is 2 
pump” is not intended to be very largely qualitied by the “only” in 
the following line, and that the heart may be considered, at all events, 
as one of the pumps, if not the important pump, of the body ? 
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Dr. R. N. Cunningham refers to the subject of shock in an article in 
the New York Medical Journal.: 

I also pointed out in my paper that “ muscular development,” rather 
than difference in “constitution,” was responsible for the variable 
effects of electric shocks on individuals, as it is invariably found that an 
extremely muscular man suffers to a much greater extent than one of 
less muscular development. In several cases of quadrupeds which 
have been “electrocuted” an immediate post-mortem (without the 
removal of the electric current) has shown abnormal pressure on 
the heart. 

With regard to the time for which shocks can be endured, the 
Liverpool accident is an interesting case. My paper above referred 
to included the results of experiments made on myself at various 
pressures and varying intervals. The electrodes were brass wire 
0°25 inches diameter, 5 inches long, and the shock taken from hand to 
hand. I pointed out that it was “necessary to distinguish between 
an ‘instantaneous’ and ‘time’ shock. . . . . In the former case, there 
is an instantaneous nervous and muscular contraction causing a feeling 
as of a blow struck on the inside of thc heart. In the latter case, there 
is a sequence of sensations depending on the voltage and time. 


“TABLE I. 
Es | Time interval in Minutes. 
5 | 
Bo UR x Nd ВЕ GNE LL IET DG HM di ~ 
As od 4 |6. 7 EXE | 10. H. 13. 1 15. | 17. | 18. 19. 20. 21.1 
| | 
= ЫҚ ан NC ТК Қона DE ам и 
| 50 = х= i з VS S'S'S 
| 100 — |— |5 VSI VS| VS: 5 S m n 
| | 
| 200 VS VS | VS VS. Sis S S!S 


x 
300 X X E хә | X2 d xs xaj x хера шы! ба. ы 


-_—————.——————————.—__.—_—..———— — 


" REFERENCES : VS is very slight muscular cramp, in reality little more than a tingling sensa- 
tion ; S, slight muscular cramp ; X, slight muscular cramp, and a feeling of successive light sharp 
taps on the inside of the heart ; X^, slight muscular cramp, taps ceased, a slight oppression in the 
region of the heart ; X3, muscular cramp appeared less, but without any appreciable relaxation, 
oppression in the region of the heart increased ; X4, oppression in the region of the heart 
increased to a painful extent, and a feeling of nausea, resembling that of a slight brain- 
concussion ; and XS, a contented numbed sensation, probably the immediate forerunner of 
unconsciousness (safe time-limit). 


* “When the chest is traversed by a certain number of amperes or 
fraction of an ampere, for a sufficient length of time, the most important 
effect produced is the immediate cessation of the co-ordinate beat of the 
heart ; consequently the circulation of the blood throughout the body ceases, 
and the various delicate nerve-cells of the central nervous system die rapidly 
from the lack of indispensable blood. The action of the current upon the 
heart is clearly а physiological one, and the state produced in it is what 
physiologists term ‘fibrillation.’ Roughly speaking, in this condition the 
rhythmical synchronism of the contractions of the little muscle-bundles of 
which the heart is composed is profoundly disturbed, and the contractions 
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“It cannot be denied that even a small voltage, such as 50, will, 
cause stoppage of the heart’s action if kept on long enough; this 
‘time,’ for any given voltage, may be called the ‘time-limit’; but for 
the purposes of this paper the ‘safe time-limit' is taken ; that is to say, 
the length of time during which an individual can receive a shock of a 
given voltage without permanent appreciable injury to the system. As 
this safe time-limit is a most important point, and, moreover, one which 
can only be settled by actual experiment, the author has made experi- 
ments on himself at irregular intervals. The voltages employed, as 
shown in Table I., were progressive, and for this reason, in addition 
to the ‘subject’ being somewhat inured to shocks, the safe time-limit 
is probably higher by at least 25 per cent. than most people could 
stand." 

Simultaneously with these tests, I made similar tests with alternating 
currents, 60 periods, both singte- and three-phase, the maximum reached 
being 250 volts for fifteen minutes, the feeling corresponding to x’. 

My resistance at the time of these experiments was more than 
double the highest obtained by Mr. Trotter, and this must, of course, 
be taken into account when discussing, what I consider, the abnormally 
long periods for which I endured the shocks. “Тһе resistance of the 
human body varies enormously with the health, and again with the 
nature of the skin at the time, that is whether dry or moist. The 
heavy black line in Table I. represents a change in the condition of the 
skin, when it became clammy ; the actual current passing at the time of 
the tests on the right of the line will, therefore, have been greater.” 


TABLE IT. 
+to—dry. ' То earth dry. +to—wet. ; To earth wet. 
Resistance in} : | | _ : 
Ohms  j ЗРЕО 7 150,009 10,000 ., 2,500 


Earth, in these experiments, was represented by the following conditions : 
Wet boots and ground, an earth-plate connection 36 inches from the feet. 


As far as my personal experience and observation goes, I can 
answer the points raised by Mr. Aspinall :—(1) Every one is more or 
less susceptible. (2) I have no experience. (3) When the muscles are 
relaxed from fatigue, or the health—that described as “run down,” the 
effect of shock appears much less. (5) On tender flesh, burning increases 
the effect of shock, but on the harder (the palms of the hand) it produces 


of the bundles fall out of phase. Thus the heart fails as a blood-pump, aud 
death quickly ensues. unless the circulation is restored. .... The higher 
mammalia practically never recover spontaneously from this condition ot 
fibrillation, but the lower the order of the animal the more likelv is it to 
recover. . . . [He does] not consider that consciousness is lost synchronously 
with the beginning of the shock, although the period of consciousness may 
be extremely brief. . . . No reliable data can be given as to the minimum 
intensity of current necessary to produce cardiac fibrillation in man, adding 
that probably physiological susceptibility to the current varies. The 110 
volts lighting-current seemed capable of electrocuting certain individuals" 
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a coating similar to scorched horn, which has a very high resistance. 
(6) A man has been rendered insensible by shock without crying out. 
No experience of a man speaking after recciving a fatal shock. (The 
word fatal in this connection requires carefully defining.) (7) From 
experiments on myself, alternating most likely to be fatal. 

The person of weak intellect belongs to a class fer se as regards 
shock, the power of standing which is exemplified by the strength of 
the electric baths administered in the lcading asylums—a strength 
which would make a “mens sana in corpore sano" feel somewhat 
uneasy. 

The Liverpool accident is a good example of the current being 
shunted by damp clothing. Mr. Aspinall's .discovery—I think I may 
correctly use the word—that a man asleep is not affected, is most 
interesting and, to my mind, important, so much so that one is led to 
think that preconceived ideas as to the effect of shock may be wrong, 
and that the door is here opened for the settlement of this point. 

The instructions for restoring the apparently drowned, issued by the 
Royal National Lifeboat Institution as a footnote to the “ Sylvester” 
method, distinctly state that on no account should the person be held 
head downward. 

Mr. C. P. DARKE (communicated): On the 12th of August, 1897, I took 
a pass at the Kennington underground railway for the Monument, and 
was lowered in the lift. On asking where I was to go, I was informed 
“straight ahead." The platform being badly lighted, I fell on the line, 
with trains due every four minutes. In attempting to rise I grasped 
the conductor, and had some доо volts of electricity playing through 
me, experiencing the sensation as if a cannon-ball were rushing through 
me from head to foot, and I lost consciousness, feeling death inevitable. 
I recovered somewhat on being lifted on the platform by two of the 
porters, who dressed my wounds at the lavatory, having sustained a 
severe cut in the forehead, an elbow bared to the bone, and a tendon 
slightly burnt between thumb and finger, notwithstanding which I 
experienced no headache nor other inconvenience, and was soon 
enabled to travel home; and, though now in my eighty-third year, 
am happily free from rheumatism, to which I was before subject. 
Possibly, if my heart had been weak, the shock would have killed me. 
But I am under the impression electricity, judiciously administered, is 
beneficial in acute cases of rheumatism and nervous complaints. 
Within a very few days of my accident I read in the newspaper 
that an elderly man had that day fallen on the line, and, failing to 
be extricated, was run over and killed. 

Mr. E. H. STARLING (communicated): An important practical point 
in connection with electric shock appears to me that, if a man is glued 
to the terminals of a constant current, the current should, if possible, 
be switched off gradually. It is quite possible that the shock at break 
might be more dangerous than the one at make. 

Mr. J. H. ALEXANDER (communicated) : I have studied both Medi- 
cine and Electrical Engineering, and am therefore interested in the 
subject under discussion. I agree, with Mr. Aspinall, that some people 
are very much more susceptible to the influence of an electric current 
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than others, perhaps from some constitutional state in the individual, 
such as a highly developed nervous system, which heightens reflex 
action and makes the sentient nerves better conductors of impressions 
to the brain. There is little doubt that, to a certain extent, thc 
same person will differ as to his sensibility to impressions at different 
times, according to the state of his health or his physiological con- 
dition at the time of shock. It would probably be found also that the 
path taken by the current through the body will have an effect as 
regards the severity of the shock received. Moisture on the skin will 
to some extent reduce the chance of burning effects, and efforts to 
help the person shocked should be redoubled if there be no burning. 
I agree that immediately the victim is removed from contact with the 
source from whence he was shocked, before beginning artificial respira- 
tion or making rhythmic traction on the tongue, we should invert the 
body, head downwards, for a few seconds to allow the blood to flow to 
the head and obviate, to some extent, the anaemia of the brain, and at 
the same time stimulate the nerve centres, especially the cardiac and 
respiratory centres, and so make the heart and lungs respond more 
readily to the stimulus of artificial respiration and Laborde's system, 
when these methods have been begun. 

General Webber, in his paper, quotes Dr. Bleile, Professor of 
Physiology in Ohio State University, who says, *It would appear, 
therefore, that death in electric shocks is entirely due to the fact that 
the current produced a contraction of the arteries through an influence 
on the nervous system, and that this constriction throws in such a 
mechanical impediment to the flow of the blood as the heart is unable 
to overcome." I agree with the above statement in part, but think 
that it does not state the whole truth, and is therefore only partly 
correct, as the current must act on the heart itself as well as on the 
arteries. It is difficult for any one who has studied physiology, to 
understand how it can be possible for the involuntary muscular fibres 
which form the coats of the arteries and arterioles, in the body, to be 
acted upon by the current and caused to contract (so that the vessels 
are narrowed in calibre) by reflex action, set up by the action of the 
current upon the nervous system, withoutat the same time the involun- 
tary muscular fibres of the cardiac ventricles (the heart) being 
affected so that the left ventricle may become rigidly contracted and 
remain in systole. Should there be any disease or weakness of the 
heart at the time of shock, the chances of recovery are lessened, but if 
there has been any destruction or disorganisation of the nerve centres 
or of the nervous ganglia within the substance of the heart itself, 
recovery could not take place; but if the heart is in a healthy 
state at the time of shock, and merely thrown into a state of syncope or 
failure, then I think, with judicious treatment, the person has a chance 
of recovery. I have seen it stated somewhere that “ death after electric 
shock may result from ‘fibrillation’ of the heart," or, in other words, 
the ventricular fibres do not co-ordinate in movement or act together 
as they ought to do to cause a complete ventricular contraction, and so 
propel the blood onwards, but certain bundles of fibres or groups 
contract, it may be, while other groups do not, and this incomplete 


1902.] ELECTRIC SHOCKS : DISCUSSION. 807 


contraction soon terminates in death. The heart of any cold-blooded 
animal, as for instance the frog, will go on beating for fully a quarter of 
an hour, or even longer, after removal from the body, although not a 
drop of blood is passing through the organ. Аз the heart’s action 
begins to get weaker with longer intervals between the contractions, on 
applying a slight electrical stimulus the action quickens for a short time, 
even after the stimulus is removed. As the heart is unconnected with 
the nervous system of the animal it cannot receive its stimulus from 
that source to cause it to contract and relax. The energy for this 
muscular contraction is derived from many small nervous ganglia or 
nerve centres, situated within the walls of the heart itself. Destroy 
these ganglia, and the contractions of the frog’s heart stop at once. 
When fibrillation is set up in a person's heart, may this action not be 
due to greater destruction or paralysis of some of the cardiac centres 
than others by the action of the current through the sympathetic 
nervous system, in which case certain bundles of fibres may cease to 
contract, while other bundles still go on contracting for a short time, 
till death results ? 

Mr. Trotter says: “ While repairing an arc lamp in a steam washing 
factory at Bradford, in 1899, a man is said to have been killed by a 
shock at 225 volts; a fatal accident occurred in Germany with about 
300 volts.” As such low voltages do not, as a rule, give fatal shocks, 
may it not be possible that both men were suffering from a certain 
amount of cardiac weakness at the time of the accident, which would 
render them much less likely to recover after shock? He does not 
state whether the current was alternating or continuous, but from the 
low voltage I suppose it would be the central station three-wire con- 
tinuous system that is meant. I have no doubt Mr. Trotter is correct 
in saying that “the resistance of dry cloth is very high,” and that dry 
clothing does afford protection from shock. Certain clothing is well 
known to be a protective against lightning. The Romans used seal- 
skins for this purpose, and the Emperor Augustus is said always to have 
worn a sealskin in order to be safe during a thunderstorm. Silk and 
wool afford more protection than linen. I fear that few people could 
go through Mr. Trotter’s experiences in getting so often shocked with 
currents of such high voltages as he has done and escape scatheless, or 
even with their lives. Some people appear less liable to bad effects 
from high voltages, and among them we must include Mr. Trotter and 
his son. However, I do not think these experiments with high voltage 
currents should be repeated too often by the same individual, owing to 
the fear that if it does nothing else it may set up some form of discase, 
owing to over-stimulation of the central nervous system and the spinal 
cord. I think Mr. Trotter makes too light of the danger from a fallen 
trolley wire in the street when he says “ there is no danger to any one 
who may come in contact with it on a frosty day, even if he stands on 
the rails.” This is all very well for a young robust electrician or a 
Strong muscular workman to do in safety, though I believe many will 
get shocked or burned. What about children, ladies, old people, and 
delicate persons, especially those with weak hearts? It seems to me 
that the danger to these is certainly not to be ignored. In great cities, 
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such as London, Paris, Vienna, New York, Budapest, etc., they have 
done right in excluding the trolley-wire system. Why should the same 
thing not be done in Britain, adopting the conduit system, even though 
it should cost more money per mile of track, if it secures safetv to the 
citizens by so doing? Having just the other day read Mr. Field's con- 
tribution to the discussion on the above papers (in the technical press) 
I quite agree with him that, in many cases, when a medical man is 
hastily called upon, in the event of an accident having taken place, 
he may not be provided with the necessary hypodermic syringe and 
subcutaneous injections required; and, to meet this emergency, all 
high-tension sub-stations and generating stations, as he proposes, should 
be provided with a small scaled case containing all that it is necessary 
to use in these instances. I should suppose that any intelligent elec- 
trician or engineer, after being shown the method, would be quite 
capable of administering a hypodermic injection of ether, etc., to any 
one who had met with an accidental shock in the generating station or 
even outside, and in this way be the means of saving a life. Why 
should the medical profession object to an unqualified person giving 
a subcutaneous injection in an emergency? There is no danger if the 
solution be injected not into but under the skin, into the subcutaneous 
cellular tissue on the outside of an arm or leg, and if care is taken to 
avoid the veins. It might equally well be argued that no unqualified 
person should be allowed, in the event of a severe accident, to apply 
pressure or a tourniquet to a limb to arrest haemorrhage, or even to 
administer a restorative. Why should not the administration of a 
hypodermic injection of ether or other drug, given for shocks, be 
part of the duty of a trained ambulance electrical engineer or other 
responsible person working in a generating station ? With hypodermic 
tabloids, containing the exact number of grains or minims of the 
solution, there could be no mistake made with regard to the dose 
administered, and if a larger dose was required than that given, the 
extra could be injected by the doctor on arrival. When a person 
has been shocked and has lost consciousness, besides immediately 
beginning artificial respiration, I would be inclined to advise an injec- 
tion of nitro-glycerine or of nitrite of amyl, given subcutaneously, as 
both of these drugs have the power of relaxing the spasmodic contrac- 
tion of the arteries and arterioles which occurs in Bright's disease with 
great difficulty of breathing and give relief ; and why should they not 
act in a similar manner after electric shock, and so lessen the work of 
the heart in forcing the blood through the partially dilated vessels, from 
what it would be if the vessels were greatly contracted in calibre? I 
will conclude by suggesting that any one who intends to become an 
electrical engineer should first undergo a medical examination, and 
that if he show signs of cardiac weakness, as such a condition is some- 
times apt to get worse, he should be rejected by the medical man and 
advised to follow some other profession, where there is no chance 
of his getting an electric shock from handling apparatus charged to a 
high potential such as exists in a generating station. In addition, I 
believe that high-pressure currents may possibly affect the blood itself, 
as in fatal cases after lightning stroke the blood is sometimes found 
coagulated in the vcins. 
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Mr. ROBERT S. DOBBIE (communicated): In relation to the very Mr. Dobbie. 


instructive papers by Major-General Webber, Mr. Aspinall, and Mr. 
Trotter, that have lately been presented to us, I have a few cases in 
my experience that may be of interest. 

A linesman who was very drunk, had his attention drawn to a lamp 
in the station which was wrongly connected (tne bottom carbon being 
positive), and attempted to set it right; the lamp was suspended from 
a board containing a short-circuiting switch which he supposed he had 
closed, but it seems that he only shook the lamp so that the carbons 
crossed, the switch being left open ; he then proceeded to take out the 
wires from the terminals of the lamp, thus opening the circuit which 
was that of a 3o-light Thomson-Houston machine (current equals 
96 amperes, the E.M.F. being at least 1,400 volts at terminals). The 
wire leading into the lamp terminal was of the sort known as “ Under- 
writers” ; one of his hands was grasping this, and the other the frame 
of the lamp, which was not insulated ; he was instantly knocked down, 
thereby breaking away the wire from the boards, and rendered 
insensible, in which state he remained some ten minutes, his breathing 
was laboured, but I instituted the treatment prescribed in cases of 
drowning, and also applied ice down his back ; we then got him up, 
and although a little shaky, he was able to walk home without 
assistance about half an hour after recovering consciousness, and it 
was noticed that he was perfectly sober. One of his hands was 
severely burnt, the other very slightly so, and beyond the incon- 
venience of these burns hc did not suffer any after-effects. 

I received a shock under different conditions from a similar machine 
by touching a lamp while standing upon the slightly damp road. The 
line had been earthed at such a point that there was a pressure of 
about 750 volts. I was knocked down, and the sensation was as if I had 
received a severe blow that had struck my legs from under me. I was 
dazed, I can hardly say insensible, for a few seconds, and sitting up, it 
seemed that my legs were without feeling, and, in fact, I felt them with 
my hands to feel if they were there, so to speak ; I then experienced a 
tingling sensation in them similar to that which is known as “ pins and 
needles,” which gradually passed away. I was unable to rise or move 
my legs for about half a minute ; but when I did so, being assisted, 
power and feeling rapidly returned, and at about the end of ten minutes 
I was АП right. There was a slight burn on the hand—a small area of 
about a quarter of an inch in diameter but deep—leaving a slight scar. 

The variable susceptibility of different persons is well known, but I 
have come across a man who is more easily affected than any one I 
ever heard оё; he could not stand the sensation produced by an 80o-volt 
machine, although, being a fitter, his hands were in a horny condition, 
and they did not seem to be abnormally moist. I have never taken 
his resistance or seen him receive a shock from more than 80 volts, 
but the effect of this seemed to be quite as much as he could 
stand. 

Mr. ALEX. P. TROTTER, in reply: With regard to the question by 
Dr. Hedley as to how far my experiments really represent working 
conditions, the only physical difference between a given current in 
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milliamperes from a battery or from a dynamo is that the former is 
perfectly steady, while the latter may be slightly fluctuating. A battery 
current is therefore the least painful, and the current from an Evershed 
ohm-meter—— 

Mr. S. EVERSHED: My ohm-meter does not give any current at all! 

Mr. ALEx. P. TROTTER: Well, the current from the admirable 
generator which Mr. Evershed gives away with his ohm-meter is 
distinctly more painful. All my experiments, until to-night, have been 
made upon the 500-volt conductors of large tramway systems, or with 
400 volts from the Westminster Company, in series with 100 volts from 
accumulators at the Board of Trade Electrical Standards Laboratory, 
these accumulators being rated at an output of 25 amperes. I can 
detect no difference in the sensation produced by a current from the 
battery I am using to-night, and the sensation produced by the same 
number of milliamperes from a dynamo. Out of 80 persons experi- 
mented upon, 33 took the current from the battery after the meeting, 
and 47 the current from the dynamos, and I find no difference between 
the results. In the case of a battery I do not, as Dr. Hedley suggests, 
take into account the capacity or internal resistance, nor in the case of 
a dynamo the kinetic energy or the self-induction. The only quantity 1 
am concerned with is the current in milliamperes. It is true that the 
internal resistance of the battery might affect the current, but under 
the conditions of my experiments the skin resistance is so great that the 
internal resistance of the battery is insigfiificant. I did not measure 
the internal resistance of the battery; I was satisfied to find that 25 
lamps, taking altogether about 1 ampere, were brightly lighted. The 
volts must have been more than 450, and therefore the internal resist- 
ance could not have been as muchas 50 ohms. If that had been the 
resistance, it would have made a difference of one part in a thousand 
in the case of a ro-milliampere current—that is to say, under the 
conditions when a dynamo would give 1o milliamperes, the battery 
would give 9'99 milliamperes, the conditions for а 10-milliamperc 
current at 500 volts being a resistance of: 50,000 ohms. 

Mr. M. B. Field, agreeing with me generally, makes an important 
misquolation from my paper. I wrote: “ Neither the man in the street. 
nor the man on a car, runs any risk of taking 500 volts skin to metal. 
Mr. Field accidentally reads “risk in taking" instead of “risk of 
taking.” I quite agree that, if he takes it, the result would be serious; 
I go farther, and say that fhen it is no question at all of risk, but of 
positive danger. My point was that “the man in the strect "—that is. 
an ordinary member of the public—runs no such risk; he may get 
shocks, and the whole object of my paper is to discuss the conditions of 
such shocks. That linesmen may stand on a handrail and be unable to 
leave hold of a trolley wire is an important example of quite another 
class of shocks, namely, those to which linesmen and other workers are 
liable. But my paper does not deal with those. The object of my 
paper has been greatly misunderstood, but it is clearly expressed in 
the “Conclusion " :—“ The conditions under which serious shocks a” 
nol produced by 500 volts are discussed in the paper, and it is safe tc 
assume that all shocks more serious than those which are recorded, arc 
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dangerous.” I claim that my investigations have shown that the con- 
ditions under which serious shocks are not produced by 500 volts are 
more numerous than was generally known. Mr. Field's other observa- 
tions are most instructive. 

It is unfortunate that Mr. L. W. De Grave's results were not given 
in milliamperes, instead of volts and the vague statement that his 
resistance was double the highest obtained by me. Iam quite unable 
to understand how, with electrodes } in. in diameter and 5 in. long, he 
could take 300, 400, 500, or even 200 volts hand to hand for as many 
seconds as he gives minutes. The omission is doubly unfortunate, for 
the results would have been most valuable, and Mr. De Grave's fortitude 
in making the experiments must be admired even if his wisdom in 
risking danger cannot be commended. 

I do not agree that wet clothing shunted the current in the case of 
the Liverpool accident, but it rather acted as a main conductor. It is 
difficult to account for the shocks in this case, if the victims were really 
enwrapped in the wires. 

Mr. C. P. Darke's serious accident, involving, as it did, a severe cut 
on the forehead, an elbow bared to the bone, the grasping of the con- 
ductor, and losing consciousness and lying until picked up, confirms the 
following passage in my paper : “It is very desirable that the live rails 
of third-rail railways should be guarded by planks to prevent short- 
circuits by tools, etc., and to make it less easy for a person falling on 
the rails to make contact with bare skin. While experience has shown 
that a person so falling may receive a serious and even fatal shock, this 
can only occur if he make contact with both a live rail and a running 
rail with bare skin, or thoroughly wetted clothes, and if he lie there for 
a time." Mr. Darke's escape, on which he is to be congratulated, shows 
that I have overestimated rather than underestimated the dangers of 
500 volts. 

Mr. J. H. Alexander writes of my supposed “experiences in getting 
50 often shocked with currents of such high voltages" and escaping 
scatheless or even with my life. I have not yet alluded to any such 
experiences, for they were beyond the limit of my paper, but I may 
take this opportunity of stating that my experiences of serious shock 
are very similar to those of Mr. Sayers. Mr. Alexander alludes to what 
а young robust electrician or a muscular workman may do in safety, 
and refers to my son, who does not come within even the first of these 
categories, and to "children, ladies, old people, and delicate persons, 
especially those with weak hearts. “It seems," he adds, "that the 
danger to these is certainly not to be ignored." But, in reply, I point 
to my experiments on eighty persons, including twelve women and six 
Children, What they felt, I do not know. What they said they felt, I 
know. On the record sheets I left a column for “ Remarks," and these 
I have suppressed, not because they were unfit for publication, but 
because they were uninteresting. What they took in milliamperes I 
have recorded, and these records may be compared with the descrip- 
tion of sensations given in the paragraph of my paper headed 
Physiological and Electrical. 

While my paper was very limited in its scope, I do not think that it 
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can be said to throw dust in the eyes of the public. If I had dwelt on 
the conditions under which shocks may be dangerous, such as the 
grasping and inability to let go, contact with the flesh through broken 
skin, the question of the watts dissipated instead of mere milliamperes, 
the paper might have been five times as long, and certainly would not 
have had one-fifth of the readers. 

I have, in conclusion, to express my thanks to Mr. J. Rennie and to 
Mr. W. St. J. Miller, of the Electrical Standards Laboratory of the Board 
of Trade, for their untiring assistance in the tests and experiments. 

Mr. F. B. ASPINALL, in reply (communicated, April 16, 1902) : I must 
thank the medical profession for the kind way in which they have 
received my paper, and I am sure the information they have given us 
has been most instructive. 

It is impossible for me, as an engineer, to do justice to cvery 
speaker, but I think we can learn some valuable facts. For instance, 
it seems quite clear that the resistance of the human body depends 
entirely on the area of contact, and that the severity of a shock 
depends upon this and upon the time during which the body is in 
circuit. 

To my mind, the practical lesson to be learnt s to make all live 
metal of such a shape that it cannot be grasped with the hands, as the 
danger lies in getting the hands closed round the metal and not being 
able to release oneself. For instance, is the centre rail always of the 
best shape? If the metal can be insulated, or if the poles can be 
kept so far apart that both cannot be touched simultaneously, this does 
not apply. It also seems quite clear that there are a large number of 
people in the world who would be killed by any kind of shock, elec- 
trical or otherwise, and it is hardly fair to put all the blame on electricity 
if they should be fatally injured. 

Dr. Hedley seems to think that we are making too light of shocks, 
from the point of view of the public; but I think from the point of view 
of the public safety it is best to do so, as, although I have made careful 
inquiries, I can find no case of an electrical employé being killed by a 
shock of under 500 volts. Surely this seems to show that fright has a 
lot to do with deaths at low voltage. 

For instance, what would happen to a man afraid of electricity if he 
got hung up like Mr. Field? `I have personally known а man held by 
100 volts, due to his hands contracting around metal. He used terribly 
bad language, but could not get away. Personally, I am convinced 
that my opinion is correct that under 500 volts something abnormal 
must happen if death occurs. I am not prepared to touch 500 volts 
with the bare skin, as I know 400 volts is very unpleasant ; but I know 
of an extremely large number of cases where nothing happened when 
400 to 5oo volt shocks were received to the bare skin, but it must be 
distinctly understood that the person receiving them did not get 
hung up. 

As regards the actual cause of death in cases of a true electric 
dcath, it seems pretty safe to say that the heart or lungs fail, but how 
they are affected is not thoroughly understood. Dr. Lewis Jones, I 
think, puts the case most clearly when he says if a man is dead you 
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can do nothing ; but as it is impossible to be quite certain, you must 
try to stimulate the heart and lungs. It therefore scems to me you can 
do two things in the order stated :— 

1. Stimulate the heart by a sharp blow on chest over heart, and by 
lowering the body as suggested by me. 

2. Stimulate the lungs by Sylvester's and Laborde's methods. 

Do the first once, and continue the second for an hour. If at the end 
of this time no signs of life appear, you can feel you have done all you 
can, and that death has really occurred. 

In conclusion, I should much like to discuss the medical aspect of 
the case, but I feel it would be presumptuous on my part to do so. 

Major-General WEBBER (in reply)! : I think that the Journal will 
contain a unique collection of almost all that is up to date worth 
knowing on the subject under discussion. 

As regards the criticism of my preliminary contention, namely, that 
the heart is not *a pump" in the sense of being a single source of 
pressure at the centre of a system of hydraulic supply, which Dr. 
Hedley refers to as a “doubt thrown on the first principles of 
physiology," and Dr. Lewis Jones refers to as a “heresy,” I shall be 
content to leave the suggestion to ferment in the minds of those who 
have taken the trouble to give careful thought to the subject inde- 
pendently of text-book teaching. Dr. Hedley's explanation, that the 
measure of the pressure, in the usual manner, namely by a gauge in a 
cannula inserted into the carotid artery, is a measure of the contract- 
ing force of the heart being the pressure of the discharge from the 
ventricle as against the peripheral resistance of the circulating system, 
is faultless ; but he overlooks that it in no way negatives my suggestion, 
that the total actual resistance may be kept down by, say, a “ booster " 
of one form or another, or even by a unit of storage placed in or at each 
capillary. 

If my suggestion was startling, it was to awaken my audience to 
evidence against a dogma, which careful thought, as to the complex 
calculations necessary to compute the resistance to heart pressure, 
shows to exist. At any rate I think that I have quoted useful matter 
to show that my theory as to the extension of the effects of shock over 
a large arca, if not all, of the skin surface, whereby every cutaneous 
capillary is attacked, has some foundation. 

Our members should not forget that in France there is a Marcy 
Institute devoted to such a subject as this. 

To read at our last meeting, had time allowed, I had, hearing of 
Dr. Margaret Cleaves' absence, prepared some remarks on the work of 
Prévost and Batelli and of Cunningham, to which Dr. Hedley referred. 

We must express our indebtedness to Dr. Margaret Cleaves for her 
painstaking articles in the Electrical Review of the 29th of November 
6th and 27th of December, 1901, and on the roth of January and the 
21st and 29th of February, 1902. I have to thank the Editors for 
having courteously drawn my attention to these valuable articles, which 

* This reply was given and the ensuing vote of thanks was passed at the 
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commenced to appear after my paper had been completed and, through 
no fault of theirs, escaped my notice. They repair my omission in 
not having referred to the work of Prévost and Batelli of Zurich, and 
to that of Professor R. H. Cunningham. The chief interest they have, 
as bearing on the propositions I have set forth, are the prominence they 
give to the heart as being the “ most vulnerable organ," and that in the 
heart, when “included in the circuit," what are called “ fibrillary,” as 
contrasted with natural, contractions are produced. In the many 
experiments on animals, accidents from industrial currents, effects of 
lighting, etc., this symptom is diagnosed. Paralysis of the heart appears 
to have been the object of the experiments of the above-named 
physiologists. Prévost and Batelli came to the conclusion that low- 
pressure currents produce paralysis of the heart by converting the 
natural pulsation into ventricular tremulation, and that this does not 
occur when high-pressure currents are used, ultimate death being due 
to ‘Inhibition of the respiration." They also observed as the alternative 
result of their investigations, that if the heart does not lie in its path, 
this fibrillary tremor is likewise produced by high-pressure current, and 
that, violent excitations of the heart by a make and break, or alternating 
current, can cause the cessation of the fibrillary tremor to cease and 
the resumption of healthy conditions. 

In such a case, if asphyxia has taken place, respiration can be 
artificially restored; in other words natural pulsations can, bv the 
electric current, be made to replace the fibrillary tremulations, which 
would otherwise end in paralysis and death. 

But it is when Dr. Margaret Cleaves deals with Professor 
Cunningham's researches, that one finds an opening to give some 
reason in favour of the theory I have propounded, namely, that in a 
healthy man, in whom the vital forces are not depressed, and whose 
skin is resistant except vid the pores, paralysis of the circulation in the 
periphery of its system takes place. And I would go to-night one step 
further, with the light I have gathered with the assistance of Dr. 
Margaret Cleaves, and venture to suggest that as a consequence of the 
rapid distribution of a high-pressure current over the surface of the 
body, transformation into а low-pressure one at some instant of its passage 
viá the pores takes place. The immediate symptom, namely, the “ cessa- 
tion of the co-ordinate rhythmical movements of the heart, and their dis- 
appearance into tremulations," may thus be communicated from the 
cutaneous capillaries, quite as well as by the means used by Cunningham 
in his experiments. Remember, that the experimenter adopts Mm 
the best means to secure the result of the test which he has planned. Ir 
this case he made the best contacts he could over the chest for th« 
negative electrode by first removing the hair, and over the skull by 
“dissecting off the soft parts which cover it," for the attachment of the 
positive pole.' These preparations, made to secure the passage of the 
dose by a particular path through the body, namely, vid the heart, 
would never exist in the healthy subject. In the carotid artery of the 

* Mr. M. B. Field's “communication ” re the danger of contacts where 


“the skin has been cut,” which I have scen since the meeting, bears on this 
aspect of the question. 
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“dog” (which was the subject of an important experiment), a cannula 
was inserted to measure the blood-pressure, a form of measurement of 
the muscular strength of the walls of the heart used for a century 
which I have claimed to be inconclusive of that strength. The final 
result with a pressure of 116 volts, and a current of o'4 ampere, after 
a closure of 76 seconds, as might have been anticipated, was that the 
blood-pressure rapidly fell to zero. The tracings taken showed an 
"almost total extinction of the arterial circulation.” Cunningham's 
belief “that there is no question of the instantaneous death of the 
muscle cells of the heart" under the conditions of his experiment, 
carefully prepared and carried out to effect that object, is no doubt 
fully justified. 

There are also accounts of the action of a dose, when directly 
applied to the brain, in which proof is claimed, that the mode of death 
is guile different from that which takes place when the heart lics in the 
conducting path. Curiously enough the blood-pressure during such 
an experiment went up twice or thrice its ordinary height. Lastly, my 
suggestions reccive some support, I think, from one of Cunningham's 
own conclusions, namely, that “ strong electrical currents applied to 
the surface of the skin affect the heart in the same manner as currents 
of less strength do when they arc applied directly to the exposed heart.” 
I cannot do better than hope that the writer of these articles will allow 
herself to be the abstracter for our publication known as Science 
Abstracts of all that appears in the future on this subject, which so 
vitally affects that wonderful circulation, the movement of which never 
ceases between the moment of our birth and our death. 

To Dr. Legge and Mr. Fearon the Institution is indebted for their 
practical remarks on the subjcct. Their presence, it may be hoped, 
indicates a rapprochement between the Inspector and the Inspected, 
which will conducc to the smooth working in the future of Clause 45 of 
the Factory Act of 1901. 

Yesterday the appointment of one of our members, Mr. Gilbert 
S. Ram, to be Electrical Inspector of Factories and Workshops was 
announced. I think that your Councils strenuous action in this 
question has not been without result. 

To Dr. Legge I would remark that asphyxia is a secondary result of 
stoppage of the circulation, and that I hope he will allow me to claim 
as my own one --the last of his four views. I regret I had overlooked 
the recommendation of Mr. Cottrell referred to by him. 

Mr. Fearon has so far mistaken one object of my paper, as to 
suggest that it makes objection to inspection, because it tries to show 
the inconsistency of the terms of Clause 45 of the Act, with complete 
and efficient inspection.’ For instance, it includes generating and 
transforming stations in which, as Mr. Sayers pointed out, a very few 
skilled men are employed, where accidents are very rarc, while it omits 
all other portions of systems of distribution, to the maintenance of 


" Mr. Henry Hall, in a "communication" which I have seen since the 
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objection was to the inclusion of electrical generating and transforming 
stations in the Fa:tory Acts as non-textile factories. 
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which almost all the accidents of the past twenty years are traceable. 
Only if he can prove the employé has to be protected against the 
parsimony of the “ capitalist" and of the “consulting engineer," in 
the industry with which we are connected, has he a. good case. Mr. 
Fearon pointed out that high-pressure stations alone are affected, but 
practically almost all stations, both generating and transforming, are 
included under that Board of Trade distinction. He says there is no 
difficulty in designing new switchboards to fulfil the conditions in 
Clauses III. and VI. of the rules suggested by the Tennent Committee, 
but what about having to “scrap” all the old boards? He admits the 
difficulty of protecting all rings and commutators. One of my con- 
tentions was that what is known as “ Factory Inspection” is not suited 
to the industry, not that inspection is unnecessary. 

Mr. Joyce and Mr. Sayers asked questions, which to my mind 
(having the subject for many years under observation) are of the 
greatest interest, and deserve the careful investigation of the thoughtful 
student. 

Dr. Lewis Jones's remarks on the subject of “pain” and of the 
“cry” mentioned by Mr. Aspinall, made me long to offer him a solution 
of action and reaction in nerve work, which the question has often 
instigated me to express in non-technical language. Of the remarks 
of Dr. McClure, that part which will most interest electricians, is a» 
to the varying dielectric conditions of the various tissues of mammalia, 
both when alive and dead. 


The following was written at the same lime as the firsl part of mv paper, 
which was read on the 27th of February, 1902, and ts referred to in the 
first page of the same. 


The difference of the situation between the date—1897—of these 
proposed regulations and now, is that what was then a matter of 
recommendation to the industry, can now, by the passage of the Bill 
of 1901, be legally enforced by any Factory Inspector, and that, under 
heavy penalty by a magistrate, any electrical generating and trans- 
forming works (transforming having since been added) whether 
existing under statutory obligations to maintain a constant supply or 
not, can be shut down and stopped running without appeal. 

The supervision of and legislation for a large portion, if not the 
whole of the electrical industry with which the members of our Institu- 
tion are intimately connected, has been transferred from the Board of 
Trade to the Home Office, and the generation, and transformation 
(which is a stage in the process of distribution), has been classified as 
amongst the dangerous trades. 

It might have been held, that, in what might be called the youth 
of an industry, the exceptionally small number of accidents by shock 
that had happened in these kingdoms before the Report in 1897 would 
have told against the need for this kind of legislation. 

An examipation of the published records of accidents causing 
death by electric shock in the period 1880 to 1890 inclusive shows that 
in the whole world thirty-eight persons lost their lives in cleven years, 
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Of these only two occurred within a generating station, and one of these 
two was the well-known case in 1884 at the Health Exhibition with a 
Hochausen dynamo, on which Mr. Trotter reported at the time. 

Thirty-six of these accidents were in connection with overhead 
lines, thirty-four outside these kingdoms. The majority were on lines 
of which the construction would never have been agreed to by engineers 
belonging to this Institution, and (I believe) is now abandoned in other 
countries. i 

My audience will here observe that only two out of thirty-eight of 
these accidents took place on plant which the late Factory Acts has 
brought under Home Office inspection. | 

In the seven-year period from 1892 to 1898 inclusive, there were nine- 
teen accidents inthe United Kingdom. Twelve of these only occurred 
at places which would have been, under the Act of 19071, subject to 
Factory Inspection, and of these twelve, eight were cases in which 
the simple personal wilful carelessness of expert employés gave rise 
to the accident, and which all the grandmotherly precautions in the 
world would not have prevented. 

In 1899, 19,616 accidents of all kinds to males in these kingdoms are 
reported. And yet in the Northampton District the Inspector reports no 
accidents under the heading electric shock. In the Southern Inspection 
Division there was one case of accident ata switchboard, which caused 
the death of a skilled man thoroughly acquainted with the board, having 
fitted it up himself. At the inquest the proprietor (it was a private 
business installation) was found to have been negligent in not having 
provided sufficient insulation for the floor, 1.е., where the man stood, the 
man having accidentally touched a high tension switch. The Inspector 
of the Midland Division had no accidents to report. The Walsall 
Inspector reported two “harmless shocks" by using uninsulated span- 
ners. The Inspector of South Wales reported “а few harmless shocks." 

The Inspector of the Midland district prosecuted the Bilston Urban 
District Council, and tried to prove that electricity is an “article of 
commerce," and that “it was generated by way of trade” and for 
* purposes of gain,” as generated by the Council for lighting the Market 
Hall. The magistrate gave his reason for considering electricity to be 
even thenan article within the meaning of the Act. He considered that it 
was (in lighting the Hall) “prepared for gain,” and therefore did not 
see any reason why the works should not come within the meaning 
of the Factory and Workshops Act. A penalty was imposed for not 
having fixed at the works an Abstract of the Act. An appeal would 
probably have upset the decision, but there was none. No one cared to 
look forward. 

In the North-Western Division an accident in the Bolton Corpora- 
tion Electricity Department by which two men lost their lives is 
reported. In this case the shock received by the men was from 
having made a mistake in the switch they used while at work in moving 
a transformer. This case is an instance in which no precautions arising 
out of inspection could have prevented the accident. 

In the report of the Medical Inspector not one case of electric 
shock is mentioned, 
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The other associated bodies which were in a position to take up the 
subject when legislation became imminent were, the Electrical Section 
of the London Chamber of Commerce, and the Tramways and Light 
Railways Association. It appears (my informant is Mr. Garcke) thata 
joint committee of these bodies had * been considering the matter,” 
and had “decided to take no action.” I suppose the Association 
expected that fheir premises would escape inspection. However, the 
Electrical Section of the Chamber of Commerce had the subject 
brought under its notice by the Manufacturers’ Section of the Chamber, 
and a committee of twenty-four, representing all the industries affected 
by the Bill, was appointed on April 12, 1901, on which Mr. Percy Sellon 
(the chairman of the Electrical Section) and the writer represented the 
electrical trades. This committee naturally dealt with the whole Bill, 
so that Clause No. 45, which affected the electrical industry, had the 
exclusive attention of only the two electrical engineers whom I have 
named. When the Joint Committee of the Chamber of Commerce and 
of the Light Railways Association met, as above stated, either they 
failed to realise the importance of the question, or they missed an 
opportunity of associating themselves with this Institution to bring 
about a joint action which might have given better results. The only 
other body which (so far as I can ascertain) moved in the matter was 
an Association of Chairmen of the London Electric Supply Companies, 
who, through Mr. H. B. Cripps, on the roth of July addressed the 
Board of Trade on the subject. 

To the Chamber of Commerce belongs whatever credit there is of 
moving first on the questions raised by the whole of the Bill, but in 
June our Institution, as I have previously stated, took up the special 
question identified with Clause 45. 

Early in June I conducted a member of the Grand Committee of 
the House of Commons on Trade on a visit to transforming stations in 
London, so that he might appreciate the circumstances of the premises 
for which it was proposed to legislate. At the same time transforming 
stations with accumulators were shown to him, because some members 
of the Parliamentary Committee, having heard that there is danger in 
connection with the manufacture of accumulators, had construed this 
into a probable danger to the attendant in a transforming station from 
their presence while “ gassing” is going on ! 

Broadly speaking the Home Secretary stood between the two 
parties, namely, those who wanted to include in the Bill everything. 
however remotely in accordance with the extreme spirit of Factory 
legislation, and those who, subject to their loyalty to the Government. 
would help to exclude anything that did not accord with their peculiar 
sentiment on the subject of some particular trade. 

If the subject had been discussed at all bv the Grand Committee, 
which it was not, the case for the industry might have been stated а> 
follows :— 

That transforming places must be largely used, and that their 
number is at present, and will eventually be, many times greater than 
that of generating stations. 

That the Board of Trade Regulations under which the supply ot 
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electricity is authorised has already specially provided for the protection 
of those whose duty it is to deal with this class of electrical apparatus, 
whether it is stationary or in motion, and afford all necessary 
protection. 

That no precautions (beyond those which the undertakers for 
absolute self-protection must take) can prevent accidents from an 
invisible danger, due to carelessness or rashness ; and therefore, that 
while inspection will in one direction tend to exonerate undertakers, it 
will in the other impose upon the user possibly unnecessary and 
restrictive precautions. 

That the law under the previous Factory Acts did not cover any- 
thing analogous to the /ransformation of clectrieal energy ; that there 
is no manual labour engaged in a manufacturing sense in a trans- 
formation station ; that the continuous presence of an attendant or of an 
operative is not imperative, and in by far the majority of transformers 
used is quite unnecessary. 

That it was straining the meaning of the word ' machinery " as 
employed under the terms of the previous Acts to apply it to apparatus 
which in many transforming stations is not in motion. 

That in other industries the alteration of pressure in systems of 
distribution, such as hydraulic energy, coal-gas, etc., where water at 
high pressure is to be adapted for use, and gas is to be adapted for 
heating, or carburetted for increased lighting, inspection is not insisted 
on, although the transformation is cffected in places in which there 
would be danger to an unskilled person. 

The propricty of adding words in some such form as the following, 
viz, in Clause 45 after the word “transformed,” might have been 
suggested :— 


“Іп а place in which moving mechanism and in which unskilled 
labour are both in use.” 


It might further have been advanced for consideration that the 
evidence taken by the Committee on Dangerous Trades might be 
considered in two ways, viz. :— 


(1) That cases in which it has been shown that injury has been 
received, or even lost by contact with an invisible danger, were 
examples which are common to the infancy of all great under- 
takings for the utilisation of the forces of Nature, and that 
history had shown that, as time went on, the precautions 
incumbent on engineers to protect trained and skilled labour 
had been adopted without the intervention of State aid. 

(2) That seeing the possible enormous proportions to which the 
industries associated with electrical distribution are likely to 
assume in the immediate future, it might be wise, in view of 
the great interests which may be involved, and the fact that all 
electrical works are carried out subject to Board of Trade 
regulations, that everything connected with the electrical 
industry were removed from factory inspection, thereby 
throwing the entire responsibility on the undertaker, and thus 
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progress of so valuable an industry. 

. . Lastly, it might have been pointed out that the establishment of 
continual inspection by properly qualified inspectors, to be 
effective, must involve the country in a considerable increase 
in the present expenditure on factory inspection ; whereas, if 
real practical special inspection by qualified experts, as takes 
place before a line of railway is opened, was, in future, to be 
the duty of the Board of Trade, the necessary fees might bc 
made repayable by the undertakers. | 


On the 18th of July, when the Committee came to discuss Clause 45, 
it divided on a motion to leave out the whole of the clause which 
referred to electrical generating and transforming stations. It was 
defeated by 28 against 6. This division was taken without any dis- 
cussion in Committee whatever as to the real merits of the case. Апа 
unfcrtunately (as is always in the case of Grand Committee, I believe) 
no evidence was taken. 

At a subsequent meeting it is understood that the Home Secretary 
gave the mover a promise to “give the matter consideration,” as to the 
question of the “inclusion of transforming stations,” but on this occa- 
sion the latter Member reached the Committee Room too late, so that 
the case as regards transformer stations was never stated or discussed 
in Committee. 

On the report stage in Committee another Member moved an 
amendment to exempt “premises where the number of persons 
employed in generating or transforming electrical energy did not 
exceed four.” To this the Home Secretary is reported to have promised 
“ to introduce words that would meet the case.” 

In this latter case the object was to exclude (what we should call) 
private installations, but it is very probable, when it was shown, that if 
applied to transforming stations it would practically exclude all of that 
nature; the words which would have recognised part of what this 
Institution was contending for were not introduced. 

As amended by the Standing Committee on Trades on the 29th July 
and reported to the House of Commons, the clause was worded thus :— 


* Electrical Stations, that is to say any premises, or any part 
of any premises, in which electrical energy is generated or 
transformed, either for the purpose of supply by way of trade, or 


for any purpose incidental to any other business, except the 
transmission of signals or messages. 


On the 13th and 14th of August the Bill as so amended was con- 
sidered, and when Schedule 6 was reached a Member pointed out that 
although an electrical installation in a private house would not, one in 
a bank or counting house would, come under the terms of the Act. 
To this the Home Secretary is said to have given an assurance to the 
contrary, and to have promised to introduce words to prevent it, 
which, newever, he never did. 


The Bill was brought up to the House of Lords from the House of 
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Commons on August 14, 1901, when the noble Lord representing the 
Home Office procured the addition of the following words, 


“Or for the lighting of any street, public place, or public building, 
or of any hotel, or of any railway, mine, or other industrial 
undertaking.” 


And thus, whether for good or evil, electrical generating, and, many 
if not all, transforming, stations, have been placed by law under the 
incidence of the Factory Acts. 

The PRESIDENT: I am sure you will readily accord the authors of 
these papers a very hearty vote of thanks for the information which 
they have brought before us, and, in fact, before the world. The subject 
treated of is one of very great importance from a humanitarian as well 
as from a scientific point of view. We should all like to know what it 
is that causes life to be suspended or destroyed by the action of the 
current. Mr. Aspinall, in one of the instances quoted by him, referred 
to a man who had received а shock—I do not think he mentioned the 
voltage, but it was a high voltage apparently—and that during the time 
the current was passing through his frame he spoke, remarking that he 
was all right, and immediately afterwards fell down dead. It would 
appear from this that the shock did not instantly kill the man, otherwise 
he could not have spoken ; so that the passage of this current through 
him did not destroy that which was vital ; it took some time before it 
did so. Another instance of very great interest to me mentioned by 
Mr. Aspinall was that in which a man had received a shock—I think cf 
2,000 volts alternating. He fell down as though dead, and afterwards 
life was revived by his being up-ended as it were, his head being brought 
down to about 45° from the horizontal. As Mr. Aspinall had put it, it 
caused the blood to run to the brain. That suggested to me—I was not 
here on the last occasion to hear the discussion—whether the treatment 
which we now follow for the restoration of those who are affected by 
these shocks is acorrect one. I have no doubt that the attention which 
has been drawn to the subject by these papers, and the discussion which 
has taken place in this room, will attract attention to the subject, and 
that we may yet derive further benefit from it with regard to the mode 
of treatment to which it is desirable to subject those who unfortunately 
have been subject to electric shock. General Webber has, quite 
independent of the physiological side of the question which he has 
treated, and treated in a very admirable manner, drawn attention to 
the set of regulations prepared apparently for the purpose of forming 
official Rules to be observed under the recent Factory Act. In referring 
to those regulations he has done, in my opinion, good yeoman scrvice 
for the Industry. At the same time we have to bear in mind that 
those regulations are not adopted, and it is to be hoped that before any 
regulations whatever are framed that grave consideration will be 
bestowed upon the effect they may have upon the industry at large. 
Electricity is undoubtedly the great power-factor of the future, and it 
will permeate almost every mode of manufacture or locomotion on the 
earth. Itis impossible to say to what extent it will enter into industrial 
production ; at all events it is a fact of so much importance as to call 
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for the gravest consideration in relation to any regulations which may 
be imposed upon the industry that may possibly have a retarding effect. 
Electrical engineers, of course, are acquainted as well as anybody, pro- 
bably better than anybody, with the dangers that attend the generation 
and employment of electricity. Electrical engineers are not inhuman. 
They do not desire to destroy the lives of those whom they employ. 
Necessarily they would take all possible precautions for their protection. 
They would sooner keep a good man about them than they would let 
him, by his own carelessness, destroy his life, and thus lose his services. 
Nor must we forget that those who are engaged in the production of 
electricity have to face the fact that they work under the Employers 
Liability Act and the Workmen's Compensation Act. Therefore it is in 
суегу way to their interest to protect their employés. АП these facts 
I have no doubt will be apparent to those to whom may be entrusted 
the duty of drawing up regulations which are to affect the production 
of electricity. We know that every one is anxious to magnify the 
importance of his office. An inspector enters your premises ; he looks 
about him and he sees if he can find anything on which he can make a 
recommendation. He makes his recommendation, and you comply 
with it. He visits you a second time, when in all probability he finds 
something more to recommend. This points to the necessity of any 
regulations that may be adopted in relation to the generation and trans- 
formation of clectricity being of a very rigid character, that there shall 
be no latitude for the inspector to go beyond. I venture to hope, and 
I quite believe, that when these regulations are being formed this 
Institution may be consulted, and that the regulations may be drafted 
under the joint guidance of members of this Institution and members 
of that State Department which will be called upon to administer them. 

Gentlemen, I am sorry to have detained you. I am quite sure that 
you will accord a very hearty vote of thanks to General Webber, Mr. 
Aspinall, and Mr. Trotter for their very interesting and instructive 
papers. 

The vote was carried by acclamation. 


The CHAIRMAN announced that the scrutineers reported the 
fcllowing candidates to have been duly elected :— 


As Member: 
Frank Barnes Spencer. 


As Associate Members : 


Daniel Adamson. Robert Harry Campion. 
Frederick Wm. Allen. Arthur W. Hinc. 


As Associates - 


F. P. Aulton. Herbert C. Gordon Oakshott. 
Robert John Bovd. Nathaniel Marion Snyder. 
Ernest Albert Buxton. Harry E. Stcel. 

Robert Lowe. i Geo. Nevil Thomas. 


Wm. Sansome Tuckcr. 
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Joseph Allen. 

John Wm. Bell. 
Randal S. Callander. 
Guy N. Cheesman. 
Walter John Cridge. 


John George Cundy, Jun. 


Harold Wm. S. Davey. 
Norman Dyer Field. 
Ernest Wm. P. Fulcher. 
Edgar Hoyle. 


ELECTIONS. 


As Students : 


| 
| 


J. W. Jacques. 
Louis Lehuraux. 
Arthur Nield. 


Wm. Godfrey Thomas Pope. 


Armstrong G. Robinson. 
Jose M. Saenz. 

Harding B. Simons. 
Ernest Stubbs. 

Walter C. L. Vickers. 
Wm. H. B. Wight. 
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CAPE TOWN LOCAL SECTION. 


SOME NOTES ON ELECTRICAL ENGINEERING 
PRACTICE IN EUROPE AND AMERICA. 


By JOHN DENHAM, Member. 
(Read al Meeling of Section, December 2, 1901.) 


At very short notice I have been asked to furnish a paper to be read 
before this Local Section, dealing with electrical matters which I came 
across during my recent tour through Europe and America. 

The plant installed at Shepherd’s Bush for the Central London 
Railway is made by the General Electric Company of America. It 
consists of six 3-phase generators, each of 850 k.w. 5,000 volts, 25 
periods, driven by Allis cross compound engines with Corliss gear, 
speed 95 revolutions. Considerable difficulty has been found in running 
these sets in parallel and it is not usually done. Three-core cables 
convey the high-tension current to different substations, where it is 
transformed down by 300 k.w. air-cooled transformers to 330 volts, 
and works rotary converters of goo k.w., running at 250 revolutions 
and giving 500 to 550 volts on the direct-current side. The section of 
line nearest the station is fed from rotaries located in the power station. 
The rotaries work well and are very small for their output. 

Many of the London Lighting Stations are changing over from 
220 volt 3-wire system to the 440 volt, and as they are using the 
original cables, there are numerous serious breakdowns constantly 
happening. The tendency now is to build high-tension polyphase 
generating stations on the outskirts of London, and use the present 
generating stations as sub-stations and centres for distribution. The 
Metropolitan Electric Company have already built a large station for 
this purpose at Willesden. 

At Hampstead, single-phase alternating current is in use, and 
although the alternators and engines are of different patterns and 
manufacture they run well in parallel. The synchronising is done by 
spots painted on the poles, which, when lighted by alternating arcs, 
indicate to the engine driver whether the incoming set is running too 
fast or too slow. This plan works well, but as it often happens that a 
new set has to be run up during daylight, the spots cannot be seen very 
clearly in the conflicting light. 

At East Ham the 3-wire, 480-volts lighting system has been adopted, 
mainly to enable the same generators to be used either for lighting or 
traction, but not simultaneously, of course. Difficulty is experienced 
in getting 240-volt lamps of efficient make, and having a fair life. 

At Berlin some of the power-stations were equipped with 
obsolete machinery, but the one that attracted my particular attention 
was at Moabit. There were three magnificent sets, each consisting of 
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Sulzer horizontal double tandem triple expansion engines of 4,000 H.P., 
coupled to gigantic three-phase alternators of 3,000 K.W. 6,800 volts 
running at 83 revolutions, periodicity 50. After inspecting this station 
in company with a party, I was privileged to return the following 
day and examined it with more attention. Three sets were running in 
parallel on about two-thirds full load, and at my request the engineer 
in charge was good enough to transfer the load from one to another, 
synchronise, and in other respects prove how perfectly the plant was 
under control. The synchronising current was very small, and the sets 
ran perfectly in parallel notwithstanding their very low speed. This 
result was largely, if not entirely, due to the system of damping coils 
inserted in the laminated pole pieces. These consisted of a number of 
bare copper rods about half-inch in diameter sunk just below the level of 
the iron of the pole picces, and these rods were all short-circuited at the 
ends by a rectangular casting. This casting also acts as a flange to hold 
the exciting coil in place. Each field pole is removable separately, 
sideways, so that a burnt coil can be readily replaced. As regards the 
stationary armature, it was of the utmost simplicity, and practically 
indestructible. The laminated plates of which it is built up have rect- 
angular slots punched out very close to the periphery (a slot being after- 
wards cut through), arectangular tube of micanite about one-eighth inch 
thick is pushed into the slot, and a copper bar is inserted into the tube. 
The micanite projects a couple of inches beyond the core to prevent 
surface leakage, and as there are no convolutions there can be no 
internal short circuits of coils. The copper bars are coupled at the 
ends by suitably shaped connectors of copper strip. Being such large 
machines the solid rods are capable of generating the full pressure of 
6,800 volts, and it seems impossible that such a machine could break 
down electrically. 

By the courtesy of the A.E.G. I was enabled to meet Professor 
Dobrowolsky and to have certain points explained upon which I was 
not clear. Chiefly among these was the question of damper windings. 
It seemed to me that if eddy currents were induced in them such 
currents meant wasted horse-power, and if no currents were there, what 
was the object of the coils? It was explained to me that if alternators 
fitted with the damping coils and driven by engines (or turbines) having 
a uniform torque, were run in parallel, there would be no eddy currents 
and consequently no waste of power. The coils would simply be idle. 
But if the prime movers were not of uniform torque, eddy currents 
would be generated in proportion to the tendency to get out of step, 
which would hold the machines in phase. The worse the engine the 
more work there would be thrown on the coils. The coils, therefore, 
though being located on the electric generator, would really be acting 
as an additional flywheel to the engine. 

A very ingenious boosted rotary was at work in the Moabit Station. 
Naturally a drawback in using an ordinary rotary is that the ratio of 
transformation from alternating current to direct is fixed once for all. 
Therefore, in case of a heavy load coming on the direct side of one rotary, 
it would be necessary to raise the alternating voltage, which might be 
inconvenient to other lightly loaded rotaries fed from the same source. 
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This difficulty appears to be overcome by a method patented by 
Dobrowolsky, which consists of an ordinary rotary coupled on the same 
shaft to a booster provided with a shunt-wound field magnet. The 
polyphase current (in this case six-phase) was fed to six rings, from each 
ring a certain number of convolutions was taken round the booster 
armature and then coupled to six points on the armature windings of 
the rotary proper. The booster windings and pole pieces would be 
suitable in number to the periodicity employed. Now the action is as 
follows :—If the field magnets of the booster are not excited, the poly- 
phase- is converted to direct-current in the ordinary manner, and in the 
ordinary ratio of voltage, but if the field coils are excited in one sense 
they add volts (due to the booster windings passing them at the proper 
periodicity), to the incoming alternating current, and if the fields are 
excited in opposite sense the induced voltage opposes that incoming. 
By this means a considerable variation—about 15 per cent.—can be 
obtained on either side of the normal. 

A good exhibit of the Nernst Lamp was on view in Berlin. There 
seems to be a difference of opinion about the peculiarities of this lamp. 
In Berlin I was told it would work on an alternating- or direct-current 
circuit, and that its life was between 200-300 hours. Efficiency r4 to 
I'5 watts per candle-power. For the large-sized lamps an iron resis- 
tance to steady the current is enclosed in a glass tube to prevent 
oxidation. For the small sizes a platinum resistance is used. A 
temperature of about 600 degrees F. is required before the filament 
becomes a conductor, and this is usually attained in from ten to thirty 
seconds. In London I was told that the life of the lamp was not deter- 
mined, but that it was about the same as an ordinary incandescent 
lamp. I was also informed that it would not work on an alternating 
circuit, and that when used with a direct current its polarity must not 
be altered once it was started up. Two kinds of lamps are manufac- 
tured, one with an automatic heater and the other without. Of course 
no vacuum is required, and it is very interesting to blow out a lamp. 
If fitted with self-lighter it restarts in a few seconds, if not it must be 
relit with a wax match or spirit lamp. 

In Berlin and Hanover electric trams are running which take power 
from an overhead system when outside the town, and from accumulators 
they carry when within the city limits. The cells are charged from the 
trolley wire. 

In Naples the trolley wire has an insulated strip on its upper surface 
to obviate the use of guard wires. "This strip appeared to be sufficiently 
flexible to follow the vertical movements of the trolley wire. It seems 
to be successful, though I hear that in other towns where strips of wood 
have been tried, the system has been abandoned owing to the difficulty 
of attachment and to the tendency of the strip to twist round. 

The present English practice, as adopted in London, Glasgow, 
Portsmouth, and other towns, is to have double-deck cars with a 
pedestal trolley, but with no top roof. In passing under bridges the 
trolley pole is sometimes horizontal and the live wire within reach. It 
seems strange that the English conservatism, which prevented the 
early adoption of the overhead trolley wire, owing to its danger, should 
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have now gone to the other extreme and sanctioned the universal use 
of cars with exposed upper seats. 

The American cars are practically all single deck, either on 4-wheel 
. trucks or bogies. In New York the original cable conduit has been 
converted to an electrical system, and there is a splendid service along 
the principal streets of the city, the cars having but a few yards head- 
way. There are a few accumulator cars in use, and still a few horse 
cars running in the lower part of the city. There is an excellent run 
between Buffalo and Niagara—about 30 miles, where long bogie cars 
are used. Outside the town they run at a very high speed—probably 
45 miles an hour in some places. 

Several of the existing New York power-stations are located in the 
city itself, and, owing to lack of water, work non-condensing. The 
Edison 3-wire 110-volt system is practically universal, and опе 
does not see any 220-volt lamps. The arc lamps in the streets are 
chiefly of the original Brush or Thomson-Houston pattern, and often 
on wooden poles, and they do not compare as regards steadiness, 
brilliancy, or neat appearance with the Brockie-Pell Jamp, now almost 
universal in England. I must here mention, however, that the very 
worst arc lighting I saw was in the City district of London, where 
Brush lamps arc installed and fitted into lanterns with corrugated glass 
panes. These corrugations may be of the correct shape to give a 
theoretically perfect distribution of light, but unfortunately the ribs 
collect the dust to such an extent that the actual light given off is very 
poor in quantity and very unsteady. 

The new lighting and power stations for New York (to replace those 
in the centre of the districts) are located on the eastern side of the city 
and at the water's edge. The first one visited was that of the New 
York Edison Co., not yet working. This, when complete, will be the 
largest steam-power station in the world. There will be 56 boilers, 
Babcock & Wilcox type, in two tiers, capable of working up to about 
100,000 H.P. The engines are vertical, 16 in number, 3-cylinder 
compound, made by the Westinghouse Co., are each of 9,000 maximum 
horse-power or 5,200 economical horse-power, and arranged to work 
with superheated. steam. The Westinghouse generators, direct-coupled 
to engines, are 3-phase, 6,600 volts, maximum output 4,500 k.w., speed 
75. At present but two sets are being erected, and eight more are 
being built. The station is provided with four steel smoke-stacks, 
brick-lined, 17 feet in diameter, and 150 and 200 feet high above grates. 
'The engine-room is necessarily of immense height, and the floor space 
measures 272 feet by 118 feet, which works out at 0°6 of a square foot 
per horse-power. 

The next station visited was that of the Metropolitan Strect Railway 
Co. Here Babcock & Wilcox boilers to the extent of 21,000 H.P. 
are installed. Eight Allis vertical cross-compound engines are erected 
(three more are under order), each of 6,000 maximum H.P. The 
generators are of General Electric Co. make, 6,600 volts, 3-phase, 
3,500 k.w., 75 revolutions, 25 cycles. This plant is running. 

From there we went to the Manhattan Street Railway Company's 
power-house, where provision is made for 32,000 H.P. of B. & W. 
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boilers, eight compound engines of Allis manufacture, combined vertical 
and horizontal cylinders each of 12,000 maximum H.P. Each engine vill 
drive a 5,000-k.w. 11,000-volt 3-phase Westinghouse generator. There 
was only one set being erected at the time of our visit, but we were all . 
more or less staggered at the gigantic size of the generators.—the 
revolving field was 32 feet in diameter and the external diameter of the 
armature 44 feet. 

Two other smaller stations were afterwards inspected. That of 
the Brooklyn Edison Co. had four 1,000-Н.Р. engines, each driving а 
Westinghouse 3-phase alternator of 750 k.w. 6,600 volts, 94 revolutions, 
25 cycles; and the Bay Ridge Brooklyn Station had two engines of 
6,000 H.P., one of 2,500 H.P., and one of 1,500 H.P., driving generators, 
two of 2,850 k.w., one of 2,000, and one of 1,000, all 3-phase 6,600 volts, 
25 cycles. 

It is interesting to note that, whether the power-station is for lighting 
or power purposes, the generators are of 3-phase ; usually 25 cycles and 
6,600 volts seems to be a standard both in America and Germany. 
Probably this pressure is the highest that is produced when using solid 
copper bars in the armature, and when the generators are of about 
3,000 k.w. Тһе largest machine, 5,000 k.w., is for 11,000 volts for 
probably the same reason. 

There is very little difference between the generators built by the 
Westinghouse, the General Electric, or the German companies. "They 
al have stationary armature with solid copper bar conductors and 
revolving field magnets. The shapes of the armature slots vary 
slightly, some being oval and others with parallel sides, in which case 
the conductor is held in with wooden wedges. The Germans prefer 
narrow armatures of large diameter, the Americans wider and smaller. 
The switches for dealing with high-pressure and heavy currents are of 
the oil-submerged pattern operated either by compressed air or by 
motors. The motors wind up a spring which is suddenly released, thus 
causing a very quick break, or rather a series of breaks under oil. 
Overload circuit-breakers are used, no fuses.  Three-core paper- 
insulated cables are favoured for underground work up to 11,000 volts. 
It is not unusual to find transformers in use which step down from 
11,000 to 350 so as to give 550-600 volts direct current through rotaries 
for tram service. 

After visiting the Crocker Wheeler works at Ampere, and staying a 
short time at Albany, we reached the works of the G. E. Co. Here we 
saw all the various kinds of plant in process of manufacture. One 
novelty noticed was the winding of field magnets with bare copper 
strip put on edgeways. 

A high-speed experimental car driven by 3-phase motors was 
running on a short experimental track in the works. It was опіу 
working at about 500 volts, but the idea was to have 10,000 volt lines, 
the three wires being one above the other at the side of the track, and 
to carry transformers on the car. An electric train on the multiple 
unit system, where the movement of the master controller operated 
electric switches simultaneously on all the other cars, so that all the 


motors on the cars were working under the same conditions, was shown 
in motion. 
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From Schenectady a special train took us to Buffalo. As this city, 
including the Pan-American Exposition, obtains its power for all 
electrical purposes from Niagara Falls, I will describe that station first. | 
At the new Niagara Falls power-house ten 5,000-H.P. 2-phase generators, 
built by the Westinghouse Co., are installed. These are of quite unusual 
pattern, having vertical shafts, stationary armatures, and umbrella- 
shaped revolving field magnets. The turbines that drive these 
machines are on a level with the river bed, the vertical shafts therefore 
being about 170 feet long. Each generator runs at 250 revolutions and 
gives 2-phase currents at 2,200 volts. The general scheme is as 
follows: For local service, such as lighting and trams, and for manu- 
facturing industries, such as aluminium, calcium carbide, carborundum, 
lead reduction, and many others, to a total of 17,000 H.P., the 2,200- 
volt current is supplied direct and transformed to the various kinds of 
current and pressures as required at the different factories. The 
transformations are made by static transformers, rotaries, or 2-phase 
motors driving generators; thus any voltage direct, alternating, and 
any phase can be delivered. For intermediate-distance transmission 
the 2,209-volt 2-phase is transformed to 11,000 3-phase and sent direct 
underground, and finally transformed to 2-phase and down to 2,200 
volts as originally delivered. Total, 11,500 H.P. For long-distance 
transmission, such as to Lockport (28 miles) and Buffalo (26 miles), the 
2,200-volt current is transformed to 3-phase 22,000 and run overhead ; 
total H.P., 20,000. The switchboard in the power-station has two sets 
of bus bars with five machines on each; these bus bars can be 
paralleled if desired. The switches are pneumatically controlled. The 
measuring instruments are of a novel pattern, being of a revolving disc 
type on vertical spindle; the pressure, or current, is marked on the 
edge of disc and comes into view through a small window on face of 
the board. À new synchronising device is adopted which consists of a 
large dial upon the face of which a hand revolves either one way or 
the other, depending upon whether the incoming machine is going too 
fast or too slowly. I was not able to ascertain the connections, but it 
worked very well, as we could see from the way in which a new 
generator was run up. No written description can give an adequate 
idea of the immensity of the mechanical, electrical, and hydraulic 
engineering skill that has been brought to bear upon this unique plant 
with such satisfactory results. When one descends by a lift to the 
different galleries, and finally reaches the level just above the turbines 
and feels the vibration and hears the rushing of thousands of tons of 
water just beneath one's feet, one recognises the terrific power that is 
being dealt with. The cables from the bus bars pass underground 
through a tunnel, where they are suspended on hangers, to the trans- 
former-house, where they are connected to seven step-up transformers, 
each of 1,875 k.w. capacity. They are about 12 feet high and 8 feet 
diameter, are oil-insulated, and have a cold-water supply laid on which 
is allowed to run to waste—there is plenty of it. These transform 
from 2-phase 2,200 volts to 3-phase 22,000. Before the high-tension 
current leaves by the overhead lines it passes through various lightning 
arresters of the Wurtz, disc, and other patterns, and through large 
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choking coils. I happened to be in the place when the lines were 
repeatedly struck, but no damage was done, though there was a 
brilliant display of fireworks and much noise. The extra high-tension 
switches have breaks of about 5 feet and are coupled together in sets 
of three. 

There are three 3-phase lines to Buffalo, two of copper and onc of 
aluminium. The latter is not so neat as the copper, but I under- 
stand that the saving in cost by its use was 124 per cent. The 
joints are made mechanically. The lines are run on insulators fixed to 
wooden poles, and the wires are spiralled. A telephone line is run on 
the same poles for 26 miles, and speech is quite easy. Theloss of poten- 
tial on the lines at full load is 3 per cent. The line is tapped for a 
branch to Lockport, where a 1,090 H.P. rotary feeds the trolley lines 
and a 309 H.P. rotary, a 3-wire 220-volt system for lighting. At 
Tonawanda some 2,090 H.P.is also tapped from the lines for trams, arcs 
and glow lamps. The lines continue to Buffalo, where there is a sub- 
station in which seven 2,250 k.w. transformers, one spare, reduce the 
22,000 to 11,000, the 11,090 3-phase is sent by seven underground 
feeders to various sub-stations in Buffalo. The 22,000 is reduced to 
11,000 because the engineers were not sure of the effects that would be 
produced by having the higher pressure on an underground network. 
Each cable carries 4,000 H.P., is lead covered, and laid in concrete. 
One sub-station in Buffalo receives the 11,000 volts, transforms it down 
to about 310, when rotaries of 750 k.w. each deliver 550 volts for 
trolley line work. "There is no complication : all the transformers are 
paralleled on both high and low-tension sides, and all rotaries are 
in parallel on both 3-phase and direct-current sides. The sub-station 
is remarkably small and compact considering that it deals with some 
4,000 H.P. ` 

The Buffalo Co.'s lighting station receives its 11,000-volt current, 
transforms it down and passes it into some dozens of 3-phase 200 H.P. 
synchronous motors. Each motor has two 125-light 6,o00-volt direct- 
current Brush arc machines coupled direct to it. These motors are 
started up (without exciting current) by inserting a choking coil in the 
main circuit and letting eddy currents be generated in copper rings 
round the pole pieces. When in step they are suitably excited. These 
machines make a considerable noise in getting up speed. Some 3,000 
arcs are fed by these machines. In the same station is a huge 1,200 
H.P. 3-phase motor (the largest vet built) driving a pair of direct- 
current generators, each giving 2,665 amp. at r50 volts at 375 revo- 
lutions. This supplies the low-tension 3-wire system. The same 
station contains numerous other rotaries, also 3-phase to direct motor 
generators. The Pan-American Exposition absorbs 5,000 H.P. for 
lighting purposes and motors. A branch from the 11,000-volt sub- 
station is run to a bank of nineteen 250-k.w. air-cooled General Electric 
Transformers which reduce it down to 1,800 volts for distribution about 
the grounds. It is further reduced or transformed to direct-current as 
required for various purposes. About 300,000 lamps were installed at 
the Exhibition, but not all on at once. For the decorative electric illu- 
mination of the various buildings 65,000 8 c.p. clear glass lamps are 
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employed. This is the first time lamps have been run in any number 
at such a low periodicity as 25 cycles. It is important to note that no 
flickering was appreciable to the eye. 

The decorative lighting was most effective ; all the principal build- 
ings, domes, and the great Electric Tower were lighted right round, so 
that the full effect could be seen from any point of view. The method 
of lighting was novel and gave a very grand effect. Ata certain hour 
in the evening, most of the outside lamps being out, the whole of the 
65,000 lamps over the various buildings came up all together and verv 
slowly, at first dull red, then brighter red, then dull yellow, then bright 
yellow, and finally up to full power. This was probably the most attractive 
feature in the whole Exhibition. The electrical arrangement for carry- 
ing this out was very simple, it was merely a large water resistance 
inserted on the 11,000-volt side, suitable plates being gradually lowered 
into the liquid until finally the resistance was short-circuited. This 
had the additional advantage of giving the gencrators and turbines 
time to get into their stride, as even with a large plant like that 
at Niagara, the sudden turning on of 65,000 lamps might lead to 
trouble. | 

All the large American electrical firms were well represented at the 
Exhibition, especially the General Electric Co., and the Westinghouse 
Co. The former exhibited a constant-current transformer, designed to 
feed a number of alternating enclosed arcs in series. It worked well. 
A novelty also shown by them was an enclosed arc lamp working 
direct off a 220-volt circuit. This lamp had an arc about one and a half 
inches long and took but a small current. It burnt steadily, but with 
the usual blueish tinge noticeable with other enclosed arcs. 

It may be wondered whether the Niagara plant ever fails. I regret 
to say that it does occasionally. On one evening during my visit, the 
whole of the Exhibition lights, street lights, and tramcars in Buffalo shut 
down for about two hours. It did not seem tome to be polite to enquire 
from the officials what the cause was, as I knew they must be sufficiently 
. worried already. I believe, however, the trouble was due to faults on 
the overhead line. 

Close to the present power-station at the Falls an extension is being 
laid down for another 50,000 H.P. on the same lines as the present 
one. The wheel pits, penstocks, etc., are in place, but the whole 
thing is on such a huge scale that it will probably be years before 
it can be completed. Meanwhile the present station is fully loaded : 
even during the daytime nine out of ten sets are running, but it appears 
some of the load comes off before the lighting starts up. The tail 
race tunnel is large cnough to take the exhaust from the new station 
as well as the present one. It is worth mentioning that the outflow 
from the tunnel when compared to the water flowing over the Falls 
is a negligible quantity. 

Оп tbe banks of the Niagara River exist а few more comparatively 
small power-stations in which the generators are of the ordinary kind 
driven by horizontal turbines—the plant is located near the water level 
and in one case the current is conveyed up to the bank by aluminium 
rods fastened to the penstock. The penstock is about six feet in 
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diameter, and the equivalent electrical energy returns by three rods 
two inches broad. 

I had the novel experience of riding thirty miles on an electric 
motor car. This car was one of many electrically driven vehicles 
belonging to a Buffalo Co. It had two 24 H.P. motors, one geared 
to each rear driving wheel, so that no differential motion was necessary. 
The voltage was 88 and the different speeds were easily acquired with- 
out inserting any resistance by changing the cells and motors from 
series to parallel in various combination. The car held four persons, 
ran at a maximum speed of twenty miles an hour, and was said to be 
good for seventy miles on a fair road with one charge. I was rather 
sceptical on this point, and as my host admitted a previous run of 
thirty miles, I persuaded him to keep to the tram route on the return 
journey, but my suspicions proved to be groundless. Pneumatic tyres 
are used in winter and solids in summer, as it is found the former are 
liable to burst with the heat. Many electrically driven hansom cabs 
ply for hire in Buffalo. They appear to be popular and work well, 
but they are extremely ugly in design. 

I was struck with the small number of men who are employed in 
running of large stations in America, and also at the youth of the 
engineers in charge. The gentleman in charge of the great Niagara 
power-station, the overhead lines, and the various sub-stations, is 
certainly under forty years of age. 
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Paper read at Mecting of Section, January 14, 1902. 


In dealing with the subject of continuous-current electricity supply 
one of the many difficult problems which an electrical engineer has to 
face is the preparation of a scheme for the laying out of a suitable 
system of distributing mains. And, naturally, the first question which 
arises in his mind is, which is the system most suited to meet the 
requirements of the scheme under consideration ? 

The most prominent of the several systems of underground mains 
at present in use are as follows :— 


I. Vulcanised rubber or bitumen-insulated cables drawn into iron 
or earthenware ducts. 

2. Lead-covered, rubber-, jute-, or paper-insulated cables, drawn 
into iron or earthenware ducts. 

3. The above-mentioned covered with a steel armouring and laid 
direct in the ground. 

The above-mentioned laid in iron, earthenware, or wooden trough- 
ing on what is called the “solid system," that is to say, the 
troughs are filled with bitumen or pitch-compound with a view 
to affording a non-hygroscopic protection to the cables. 

4. Bare copper conductors, supported on porcelain insulators in 
brick, iron, or earthenware culverts. 


There is at present a great diversity of opinion among engineers as 
to the respective merits of these systems, some being condemned from 
one quarter and recommended from another. A reason for this may 
perhaps be found in the fact that systems of distribution, until very 
recently, have not received that study which so important a branch of 
an electrical undertaking entitles them to. 

In the first place certain localities and conditions which may permit 
of one system being adopted with success are not suitable to the 
requirements of another, and consequently a certain system, if put down 
in a town where the local conditions are unsuitable, becomes con- 
demned unnecessarily. For example, one of the simplest and cheapest 
of systems of distributing mains is that in which bare copper strips are 
mounted on insulators and laid in ducts under the footways of thc 
public thoroughfares. To ensure the proper working of such a system 
levels must be carefully studied, with a view to both the draining of 
accumulations of water, and the conveying of explosive gas to points 
from which it may be removed by ventilation, 

Vor. 31. 55 
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In a small town іп which there is ample room under the footways 
for the laying of mains, and where straight runs and required gradients 
may be easily obtained, a copper-strip system could with advantage be 
adopted. But in introducing a system of copper-strip mains into a 
large town or city, circumstances of an entirely different nature arise. 
Draw-in and inspection boxes cannot be put down at the right places, 
large gas and water mains, &c., block the way, and, more often than 
not, the route of the mains, owing to cellars under the footways, has to 
be diverted into the roadway. It may be assumed that the remarks on 
bare-copper systems apply equally well to many of the other systems 
mentioned, bare copper having been taken as an example to illustrate 
the importance for taking everything into consideration before form- 
ing an opinion detrimental to any particular system. Unless the 
system can be put down in its entirety, that is to say, with due attention 
and care given to all the little accessory points which go to make it a 
good system, it is needless to point out that troubles arise which soon 
give it a bad name. 

Before proceeding to the comparison of different systems, it might 
be well to mention a few facts on some very important points that 
effect the efficiency of continuous-current distribution. Mains break 
down owing to faults in manufacture, and to mechanical injury received 
when under the streets or in the process of laying ; but there is no form 
of destruction so difficult to contend with as the action of electrolysis, 
which commences where insufficiently guarded against at the moment 
that the mains are made alive. 

The phenomenon known as electric osmosis, whereby moisture 
tends to accumulate at the negative conductor, and is directed away 
from the positive, can be readily observed in carrying out a simple 
experiment with an E.M.F. of a few volts, and it can be well under- 
stood to be a matter of great importance when it is known that it 
commences to take place directly a continuous current is supplied to 
conductors, and that it varies in intensity according to the E.M.F. at 
which the conductors are arranged to work. The continual heaping 
up of moisture at the negative conductor, where exposed, tends to lower 
the insulation resistance between that conductor and earth; and 
especially in cases where the middle or neutral conductor on a three- 
wire system is deliberately earthed, minute currents tend to pass 
from the neutral conductor through the pum and on to the negative 
conductor, resulting in electrolysis. 

- Where metallic sheathings of underground cables have deteriorated 
aod по mechanical injury is found to account for it, it is not only 
necessary to examine the soil or ducts enclosing the cable, as the joints 
in the neighbourhood may very often be the cause. Ends of cables 
brought into manholes where the conductors terminate in thimbles or 
sockets are very often sealed by means of lappings of so-called insu- 
lating tapes, over the socket and back on to the lead covering of the 
cable. Great care may be taken to try to hermetically seal the ends of 
the dialectrics at these points, but a feature nearly, if not quite, as im- 
portant | very often overlooked, and ‘that is the creeping electrolysis 
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the conductor and the metal sheathing of the cable. Itis usually the rule 
to coat the tape lapping with an enamel paint, but this is not a safe 
expedient, as more often than not salts, due to electrolysis, are notice- 
able deposited on the tape, and will be found to have even worked 
through under the layers of the tape between the socket and the metal 
sheathing. Fresh coats of paint are of course of no use under these 
circumstances, as they only hide the trouble which, when once started, 
continues to increase, the result being the deterioration of the sheath- 
ing, especially at points where the sheathing may be lying in moisture, 
perhaps hundreds of yards away. 

One of the ways in which to circumvent this trouble, and yct con- 
tinue the use of bare ends in manholes, is to do away with tapes of all 
descriptions, and to seal the cable ends in an end-connection box filled 
with compound, bringing the bare socket through a gland of insulating 
material such as ebonite or porcelain, the gland containing several deep 
corrugations, or a very long surface, so as to present as far possible a 
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high resistance to the creeping effect. These surfaces are easily kept 
clean from time to time by wiping them with paraffin ; but experience 
has shown that even with these contrivances the action still goes on, 
although reduced to a minimum. Figure 1 represents an end box as 
described above. This box was designed by Mr. Sydney Baynes while 
officiating as Chief Engineer to the Bradford Corporation, and Mr. 
Baynes appears to have been one of the first electrical engineers to 
recognise the importance of protecting ends of cables in this manner. 
A box of this description has the twofold advantage that it not only 
provides a seal of compound for preserving the insulation at the cable 
end, but owing to the corrugated insulating bush surrounding the 
conductor, surface leakage or creeping is reduced to a minimum. 
The above remarks on the question of electrolysis of metal sheath- 
ing lead up to another point of serious consideration, and that is, 
the protection of sheathings from the effects of stray currents, and 
heavy rushes of current, when, due to a breakdown of the insulation, 
metallic contact is made between the conductor and the metal sheath- 
ing. Every precaution should undoubtedly be taken to make a 
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thoroughly good metallic connection between all metal sheathings of 
cables, through the joint-boxes, manholes, and ends terminating at the 
generating station. 

Faults are very often discovered at metal joint-boxes due to the 
want of efficient bonding between the sheathings of the cables 
terminating at either side of the box. Strips of lead of small 
section, if used for bonding purposes, or a single strand of say No. 16 
gauge copper wire, although being sufficient to guard against the 
effect of electrolysis at points where the lead sheathings of cables 
terminate at the glands of the joint-boxes, have been found in many 
cases to have been fused away, when, through defects in insulation, 
heavy currents have passed along the lead sheathing and through such 
bonds. The disconnection between sections of lead sheathings having 
remained undiscovered, has resulted in faults at the glands of the joint- 
boxes owing to the lead having arced on to the box at the point of 
contact, when the occurrence of other faults has caused currents to 
flow in the same direction. In many instances attempts have been 
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FIG. 2. 


made to guard against this by enclosing the lead sheathing in a wooden 
bush at the point of entry to the box. Wooden bushes buried in the 
ground, however, in time absorb moisture, and their insulating 
properties are then destroyed. The best method to insure continuity 
of metallic circuit throughout the system is to securely bond the lead 
sheathing of the cable on to the box itself. One of the most suitable 
designs of joint-boxes to meet this requirement is a box with brass 
ferrules screwed to the cast-iron sides (Fig. 2), the cables passing 
through the ferrules, and a wiped joint between the ferrule and the 
lead sheathing making not only an excellent bond, but also a water-tight 
joint if wiped properly. Unfortunately it is not possible in all parts of 
the country to obtain plumber-jointers, and if a plumber and a jointer 
have to be employed the expense is a consideration. 

A form of bond lately introduced will be seen in Fig. 3. This does 
away with the necessity for plumbing, and secures excellent metallic 
contact between the box and the cable sheathing. Efficient bonding 
should be carried out irrespective of the intentional earthing of any of 
the poles of the system, as, although this may be done, it will still be 
found that, owing to a complication of faults, heavy currents mav be 
travelling on the leads between points considerably distant apart. 

On a three-wire system earthing the neutral conductor certainly 
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would tend to reduce this trouble to a minimum if the neutral could be 
efficiently earthed at all points of the system. There is objection to 
this, however, from another point of view, the engineer preferring to 
have his neutral earthing devices under control at the generating 
station, in connection with earth-testing instruments, by means of 
which a defective outer may very often be traced before it has had 
time to break down. 

Besides, although endeavours may be made to earth one pole of the 
system at all points, the difficulty is to do it efficiently. Earth-plates 
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forming good conductors may be put into the carth, but as the substance 
constituting the subsoil or “earth ” may in some places be comparatively 
dry, and in others very wet, and may consist of different classes of soil, 
the differences of electrical resistance of these various substances means 
differences of potential at points in the earth between which a large 
current may have to flow in travelling from one earth-plate to another. 
One form of earth-plate used in Glasgow isa six-feet length of unpainted 
cast iron four-inch pipe driven vertically into the earth and connected 
by means of a special bond to an “earthing” copper conductor in the 
section-boxes. This has, in many cases, been found to be very 
effective, because it not only presents a large surface inside and out to 
the earth, but acting as a drain fills with water and in a measure keeps 
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the surrounding earth moist. Cases have been :known in which a 
current has flowed along the metal sheathing of a cable and, instead of 
going to earth through the earth-plate put in for the purpose, the bulk of 
it has travelled along the sheathing of the cable toa cast-iron joint-box, 
whence it arced from the bottom of the box through a layer of mud on 
to a water main. This wasfound to be owing to the fact that the earth- 
plate, which was of cast iron, was buried in the footway in a compara- 
tively dry bed of sandy soil, and therefore was not making nearly such 
a good earth as the joint-box in close proximity to the water main. In 
mentioning cast iron as having been used for earth-plates, it is by no 
means intended to infer that it is the best material to use, as in timea 
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skin of oxide of iron forming on the metal tends in a measure to 
insulate it. Considering, however, that copper earth-plates, if put in 
in large quantities, might become very expensive, and that some of the 
plates when put in might be of no value (owing to the low electrical 
conductivity of the surrounding earth), cast iron appears to be quite as 
satisfactory as required for the purpose. 

The necessity for earth-plates on metal sheathed-cables may be seen 
from the accompanying diagram, Fig. 4. “А” and “В” are the ends of 
two feeders on a system of underground mains, “A” being a positive con- 
ductor of “A” feeder, and “ B" the negative conductor of “В” feeder. 
Assume that the insulation of both conductors is gradually breaking 
down. Suppose the sheathings are not intentionally earthed at any 
spot, and the insulation of both “ А" and * B" breaks down practically 


1902] CONTINUOUS-CURRENT DISTRIBUTING MAINS. 839 


at the same time. There will naturally be a tendency for a circuit 
through the earth between the faults by the path offering the least 
resistance. If the lead sheathings of the cables are thoroughly bonded 
across the joint-boxes and also connected to one another through the 
central station, there will be a metallic circuit of lead between “A” and 
"B" through “С.” The resistance of this circuit will vary with its 
length, which, as will be seen from the diagram, is greater than the 
distance between the faults, and a lower resistance may be obtained 
along the lines at a certain point or points where the lead sheathing 
may be in near proximity to a gas or water main laid in a direction 
which crosses the two mains “A” and “B.” There will be at these 
points a tendency for a current to pass between the lead sheathing and 
the water or gas main, and an arc, destructive to the lead sheathing, 
may be produced. Suppose the Icads are not bonded together across 
the joint-boxes, there may be an arc formed between the lead sheath- 
ing and the box owing to the box making a better earth. In fact there 
are so many possibilities to be derived from a study of the diagram, that 
the conclusion seems to be that carthing of the sheathing at as many 
points as possible, combined with the thorough metallic bonding of all 
points where the sheathing is broken at joints, is most desirable. The 
above example is also applicable to the points raised on the subject of 
electrolysis due either to bad joints or leaky ends on the distributing 
system, or to stray currents from the rails of an electric tramway system, | 
and also to systems in which, owing to the requirements of the Board 
of Trade, the neutral wire of a three-wire system is to be earthed at the 
generating station, or even at as many points as possible throughout the 
system of network. 

The question of fusing feeders and networks so that faulty circuits 
will be automatically isolated and thrown dead with a view to damaging 
the cable as little as possible, is a subject of great importance, upon 
which there has been very little public discussion. It appears, how- 
ever, that electrical engineers are gradually coming to the conclusion 
that fusing is a necessity, or rather a necessary evil. This subject has 
been more forced upon us of recent years by the introduction of higher 
voltages than were used a few years ago, and also owing to the growing 
popularity of concentric systems of mains. In the days of 100- and 200- 
volt systems with single conductors laid an inch or so apart from one 
another, a fault developing into a heavyleak or a “short,” was not sucha 
serious matter as it is now on systems where from 400 to 500 volts is the 
pressure between the conductors, the additional pressure causing far 
more destruction to the cables if faults occur. With concentric systems it 
is an absolute necessity to use some means for automatically isolating and 
throwing dead the faulty sections, otherwise the destruction of the cable 
proceeds very rapidly, and probably before the faulty section is dis- 
covered тоо yards or more of main may be completely destroyed. The 
problem of satisfactory fusing, however, is a very difficult one to solve. 
There is no doubt but that for distribution purposes, that is to say, the 
balancing of a three-wire system and uniformity of pressure, a system 
in which the network is connected up throughout and not divided into 
sections, is the most suitable. If, however, such a system is to be fused, 
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it will be seen that in the event of a fault occurring in a certain locality, 
current flows to this fault from the several feeding-points through several 
fuses in series, with the result that, very often, instead of fuses blowing 
in the neighbourhood of the fault, they may be blown at a considerable 
distance away, thus throwing dead large sections of distributors, the 
supply to which should not have been interrupted. It may be of 
interest to show what has been done in Glasgow in this respect, as, in 
this system, endeavours have been made not only to keep the distri- 
buting system joined up throughout, but also to fuse as effectively as 
possible. The diagram, Fig. 5, shows a portion of the Glasgow system 
of feeders as they are actually laid for feeding into the network, which 
is also fused, or arranged for fusing, at points indicated on the diagram. 


FIG. 5. 


It will be seen that at all points where distributors intersect at strect 
corners, disconnecting-boxes are inserted. In these boxes fittings are so 
arranged that fuses for interconnection may be inserted between any of 
the distributors. The disconnecting-boxes are shown on the diagram 
very: large with a view to illustrating clearly the points at which links or 
fuses have been left out. If all distributors are joined together the four 
feeders will all be feeding directly any section of network independently 
of one another. For example, in the event of a fault occurring at say a 
point marked “E,” the result will be that fuses will blow between the 
fault and each feeder, resulting in, perhaps, the cutting out of the whole 
of the network. Now suppose connecting links or fuses are left out at 
the points indicated on the diagram by circles. The feeders C and D 
will supply current directly to the fault through distributors between 
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them; feeders A and B, being practically unaffected, owing to the 
disconnecting points preventing them from supplying current into the 
fault except through distributors joined to the ’bus-bars of the feeding- 
points C and D, at which points, however, feeders C and D are supplying 
the fault direct. The rule to be observed is that not more than two 
feeders shall be connected directly with the distributors laid between 
them, the connection between these feeders and any others only being 
made through their respective feeding-points and not by means of 
distributors joined at points of intersection of the network between 
feeding-points. This arrangement, although at first appearing a little 
complicated, is easily accomplished, and, in fact, has in many cases in 
Glasgow saved the interruption of the supply to many important points 
of distribution on the occurrence of a fault. It has also the desired 
effect of reducing interruptions in the event of a short circuit on a 
feeder. Owing to the difficulty experienced in gauging the fuses to 
suit continually varying conditions of load and distribution, if a short 
Circuit occurs on a feeder, fuses in the network between that feeder 
and the adjacent feeders may blow instead of the feeder’s own fuse. 
It will be seen from the diagram that with the disconnections properly 
arranged the number of fuses thus brought into action is considerably 
less than would be the case if the disconnections shown were not made. 

The arrangement described above saves the inconvenience of 
dividing the network into isolated sections, and this allows of any out- 
of-balance currents or irregularities of pressure being rectified through- 
out the general system of network, thereby reducing the necessity for 
the use of special rectifying arrangements either at the generating 
Stations, or at sub-stations situated at different points in the area of 
supply. This is of obvious importance in systems in which the balance 
is not what it should be. It has been mentioned before that at all points 
of intersection of the network, disconnecting or fusing-boxes have been 
inserted, and it may be of interest here to give more particulars of the 
special type of apparatus used in Glasgow for this purpose. In the first 
place, apart from the question of fusing, there is no doubt but that ina 
large system of distribution for lighting and motive power, every attention 
Should be given to the question of having the distributors under casy 
control in small sections, so that in the event of a fault occurring, or a 
section of main being thrown dead for other reasons, the supply will not 
be interrupted to a large number of consumers, This is of special im- 
portance in Glasgow, where, owing to the varied uses to which electricity 
is applied, it is even impossible, except by special arrangements, to 
throw certain sections of the mains dead during the night or on Sundays. 
The use of disconnecting-boxes at short intervals, and at all points of 
intersection, is a matter of considerable convenience, and in fact becomes 
an absolute necessity in the distributing systems of an important area of 
supply. Secondly, the use of numbers of disconnecting-boxes allows 
of the distributors being manipulated from time to time, to meet the 
difficulties arising in endeavouring to fuse the system efficiently, under 
the condition of the continually changing distribution of the load on the 
mains. Fig. 6 shows a section of a four-way cast-iron disconnecting 
manhole. There are many advantages in adopting cast iron instead of 


842 WARD: PRACTICAL NOTES ON [Glasgow. 
brick or concrete for the construction of manholes. In the first place, 
if a system of mains is in use which requires earth-plates, and the 


sheathings of the cables connected together, the cast-iron manhole 
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serves the purpose, the cable metal sheathings being securely bonded 
to it. Secondly, this class of manhole is both gas- and water-proof. 
Thirdly, the space afforded by using cast iron instead of brick or 
concrete, can be utilised in providing more room for the fittings inside 
the box, and this is a matter of vital importance. On entering an up- 
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to-date central station one notices the many elaborate and ingenious 
designs of switchboards in use, many of which, with a view to safety, 
have separate panels for conductors of opposite polarity, sometimes 
yards apart; also the best of insulating devices to protect bare con- 
ductors from earth; and these switchboards are invariably in a dry 
atmosphere, and protected from moisture in every way. There is also 
the best of attention given to steam-pipe arrangements and valves, 
valves being inserted at different points for giving as many facilities as 
possible in making the best use of the pipes, and providing for emer- 
gencies. If one then has a look into the mains arrangements, one often 
finds a very different state of affairs. Very few valves or points of control 
are arranged for, and when there are such, it is seldom found that these 
are arranged to anything like the best of advantage. Suppose the system 
be one in which armoured cables or cables laid on the solid system are 
used, it is the usual practice to bring the ends into a small cast-iron box, 
and on to connectors arranged so that there is not much more than 
lin. to пп. clearance between any of the connectors of opposite polarity, 
sometimes much less. All these connectors are built up from a base of 
wood, probably teak. The box is filled toa certain level with an insulat- 
ing compound, the terminals for fuses or connecting links protruding 
through the compound. The box is generally covered with a lid secured 
in position by bolts and nuts. The box is then surrounded by an outer 
box of brick used for the purpose of supporting the outer manhole cover 
on a level with the footway. "There are very many points which could 
be improved upon in such a design. In the first place the clearance 
*between all the conductors of opposite polarity is so small that if once 
an arc is started between any of the connectors, moreoften than not the 
connectors, for at least one or more, sometimes the whole, of the other 
cables, become short-circuited. If the cable connections in the box 
are fused, the use of set screws or nuts and studs for securing the ends 
of the fuses is objectionable on the score that in time the fuses become 
slack. Vibration due to the street traffic may cause this, but even if it 
is guarded against by the usc of lock nuts, the different expanding pro- 
perties of the fuse and the conductor owing to the fuse assuming a higher 
temperature while loaded, cause slackness when the load is off, and the 
fuse has cooled down. The use of wood of any description is objection- 
able, because, however well prepared, it may be in a damp store tor 
months before the box is put into use. The fact that the fuse isin close 
proximity to the compound is inviting a manhole explosion if the fusc 
blows, for the reason that the gas given off by the burning compound 
forms an explosive when mixed with air. If the lid is secured by bolts 
and nuts, valuable time will be expended in endeavouring to get it ofl, 
especially if rust has set in. In describing the above, it is not intended 
to convey that there is nothing more suitable at present in use. The 
remarks apply to apparatus at present being supplied by manufacturers 
as a proper standard for distribution purposes. There are no doubt 
some devices in use that bave not all the evils mentioned above, but it 
so it will be found that they are mostly due to the efforts of central- 
station engineers, who, finding the manufacturers cannot supply what is 
required, have been forced into taking the matter up themselves, 


1902.] | CONTINUOUS CURRENT DISTRIBUTING MAINS. 845 


In Glasgow the conditions for disconnecting-boxes arc rather 
exceptional owing to the fact that there are several different systems of 
mains in use, which are as follows :— 
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Barc copper supported on glazed earthenware insulators and drawn 
into cast-iron ducts. 

Single, steel tape-armoured cables laid direct in the ground. 

Vulcanised rubber mains drawn into cast-iron pipes. 

Three single conductors laid on the solid system. 
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Triple concentric armoured cables laid direct in the ground. 
Ditto cables laid on the solid system. 
Single vulcanised bitumen, lead sheathed, and rubber cables drawn 
into cast-iron pipes for arc lighting from the network. 


The conversion of such a complication of different systems into a 
three-wire distribution scheme at 250 and 500 volts has been no light 
undertaking, and has necessitated much attention being given to 
jointing and disconnecting appliances, with the result that the type of 
box shown in Fig. 6 is at present in usc. 

The box, as shown, is for a four-way disconnecting point, but if the 
sides instead of sloping to the centre at the base are brought straight 
down it will be suitable for a six-way point. The reason for sloping 
the sides in the box shown is, in the first place, to save metal ; secondly, 
to save space where not required, thus giving this class of box a distinct 
advantage over a brick one, which could not be tapered to such an 
extent. The third reason is that for network distribution purposes in, 
Glasgow it has been thought desirable to use one box at each corner 
where streets intersect, and not one eight-way on one side of the road 
with cables crossing from one corner to their several destinations. 
Diagram 7 shows the general arrangements of distributors and boxes 
under such conditions. Commencing at the top of the box it will be 
seen that it contains a flange on the inside suitable for taking a 24-inch 
manhole frame and cover. On the sides are cast four snugs for securing 
the petticoat insulators used in supporting the fuse or connecting gear. 
At the bottom are the inlets for four cable ends. The bottom of the 
box consists of four pockets, one for each cable, the lids on the pockets 
being constructed each with three stuffing-boxes, through which single 
rubber cables make the connection between the cables and the fuse 
gear. The packing of each stuffing-box consists of a rubber ring and 
a vulcanite washer, both of which come under compression when the 
gland nut is screwed into position. A dish is cast round the cover so 
that when the gland nuts are screwed down, insulating compound is 
poured into the dish and not only makes the joint doubly secure from 
moisture, but presents a large insulating surface, with a view to keeping 
down the tendency for any creeping effect which might take place 
from the bare fuse connector on to and along the rubber surface of 
the cable, and down to earth through the box lid. A section of the 
connections in the interior of the pockets is also shown, the cable in 
this case being a triple concentric one. A special form of socket is 
screwed on to the outside of the pocket, and contains the lead-bonding 
appliances, besides acting as a support to the end of the trough if the 
cable is laid on the solid system. It might here be mentioned that 
providing sockets on the outside of joint-boxes for this purpose is 
very desirable, as it prevents the cable from being injured in cases 
where the soil subsides and there is a tendency for either the box 
or the trough to drop from its normal position. Although the box 
shown contains a triple concentric main, by slight alteration at the 
glands and bonds single conductors can be inserted. The frame and 
cover are bedded with cement to the flange at the top of the box, and 
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can be set to suit the slope of the footway. The cover is designed 
with a view to being waterproof without the necessity for caulking 
or draining, and, when in position, effectually prevents water from 
entering the manhole from the surface of the footway. This is accom- 
plished by making the inner rim of the frame higher than the level of 
the surrounding footway by about } in. all round, so that although the 
water will fill the recess round the frame, there is never sufficient head 
of water to force a flow over the inner rim. The cover, constructed out 
of steel plate stamped into shape, is only } in. thick, and this thickness, 
added to the } in. extra height of the inner lip, raises the surface of the 
cover 4 іп. above the level of the surrounding footway. As, however, 
there is a gradual slope towards the centre of 2% inches all round the 
cover the extra height is practically unnoticeable, and, in fact, is no 
more than found in many other designs of footway manhole covers. 

To be able to obtain a frame and cover in which there is no 
caulking required to keep the water out is of great importance, as it 
allows of the cover being easily lifted, and at the same time saves the 
expense of caulking, which amounts to a considerable annual item on a 
large undertaking. No attempt has been made to ventilate this type of 
cover, for the reason that, in the first place, the cast-iron manhole is 
gas-proof, and therefore there is nothing to be feared from gas 
leaking in from outside. Secondly, it is found in practice that quite 
50 per cent. of the explosions which take place in boxes are due to a 
fault on the cable, or in the end box, burning the jointing compound or 
insulation of the cable, both of which form an explosive gas which will 
accumulate in the chamber almost instantly, and cause an explosion. 
It is obvious that, under such circumstances, any attempt at the 
ventilating of the cover would not be successful in clearing the manhole, 
and it is therefore best to cause the explosion to be as light as possible. 
A loose cover under such circumstances is of considerable advantage, 
as it acts as a safety valve at the time of explosion, and instead of rising 
many feet in the air, which it would do if caulked down, very often is 
known to rise sufficiently to allow of the pent-up vapour escaping and 
to settle down on the frame again. The cover might be hinged on one 
side to ensure that if it opened it could not be displaced. 

Inside the manhole will be seen the disconnecting or fuse gear. 
First there are two pairs of petticoat porcelain insulators, each pair 
supporting a malleable cast-iron bar. To these bars are fixed other 
insulators, two on each bar, cach insulator being capable of supporting 
two cable conductors so that there are four insulating supports for 
cable conductors, on each of the cast-iron bars, four for conductors from 
the positive ends of the cables, and four for the negative ends; the 
middle or neutral wire cable conductors being brought up to a ring 
main of rubber forming a square round the manhole, and supported on 
the cast-iron bar. The neutral wire main, being at earth potential, does 
not require such careful insulating from earth as the positive or negative 
conductors ; still it is insulated, as the cast-iron bar upon which it rests is 
supported on porcelain insulators. It will also be noticed that the socket 
ends of the positive and negative conductors are doubly protected in 
this way, as they have two insulators in series between them and earth, 
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and it is interesting to find that since this method of insulating has 
been introduced there has never been any sign of the creeping which 
used to be plainly apparent when only one insulator was used. 
Turning now to the terminals of the conductors, they are cast in the 
form of a shank with a socket at one end and a clip at the other. The 
socket is bored to take the end of the rubber conductor, and each clip 
engages the link or fuse connection when inserted. On the outside of 
the clip are pinions which engage an eccentric locking lever. On the 
stem or shank of the casting isa metal washer, and between the washer 
and the socket is inserted a rubber ring. The porcelain to which these 
clips are secured is made to take four clips in the design illustrated, 
but, where more convenient, smaller porcelains to hold only two clips 
each may be provided. "The porcelain base is slotted at the ends to 
allow of the shank of the clip being inserted. When the shank is in 
position the eccentric locking lever attached to the pivots at the side of 
the clip is pressed from a vertical to a horizontal position, in which 
position it becomes locked owing to the tension of the rubber washer 
and the eccentric action of the lever. The cable end is then quite 
secure, no amount of vibration or shaking being able to detach it unless 
ine lever is raised to the vertical position again. At thc end of each 
lever is a small hole for the purpose of allowing the insertion of short 
pieces of cable for flashing purposes, or for bridging over the fuse 
while a new one is being inserted. One clip of each pair is connected 
to a copper 'bus-bar fixed below the porcelain base, and the other to 
either the positive or negative rubber leads from one of the four 
distributors. A porcelain handle is provided with each box, and is 
designed so that it can engage any particular link or tin strip when 
there is occasion to remove it from, or replace it in, the clips. This 
form of handle being removable, is not left in position over the fuse or 
link when inserted, but is removed and left in the box. Thus it does 
not become damaged by heat in the event of a fuse blowing. A special 
form of gun-metal block which fits into the fuse handle is used for 
holding the strip or fuse in position while it is being inserted in, or 
removed from, the clips, as shown on the diagram, the strip being 
U-shaped. The fuse being practically in two strips provides ample 
cooling surface, and, moreover, the space between the strips allows air- 
space between the two arcs which form when the fuse blows. This 
tends considerably to reduce the violence of the arc. The contacts on 
to the clips are also rubbing contacts and always under tension, no 
vibration or ordinary variation in temperature between the metal part: 
causing slackness at the fuse contacts. It is obvious that such an 
arrangement is infinitely superior to the usual method by which the fuse- 
metal is never in actual contact with the collecting clips, but is secured 
to metal blocks by set screws, the blocks engaging the clips and the set 
screws or studs, while adding to the cost of manufacture, being the 
very things to avoid, as it is only a matter of time before the fuses will 
become slack at these points. This, of course, is a very serious matter 
on a large system of distribution in which many fuses or links are used. 
In the porcelain bases supporting the fuse clips there are recesses to 
allow of the names of streets supplied by their respective cables being 
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inserted under strips of mica, which, while acting as a protection to the 
name, if a fuse blows, also permits of the name being distinctly visible. 

The clamps securing the neutrals of the cables to the neutral ring 
are, as may be seen from the diagram, of such a design that no tools 
are required to manipulate them, and vibration tends to tighten rather 
than to slacken the grip. In this design of disconnccting-box, any 
one working on a system of mains with which he may not be well 
acquainted, can with case manipulate or test any cable practically at a 
moment’s notice, and any disconnection or connection may be made 
without the necessity for a single tool, or even a pair of rubber gloves. 

The preceding remarks, while dealing with certain points on dis- 
tribution, do not draw much comparison between the many different 
systems in use at the present day. Some important subjects, however, 
have been touched upon, these being electrolysis, earth currents, 
bonding, fusing, and disconnecting points. The discussion of these 
subjects, however, is of considerable value relatively to the comparison 
between the different systems. 

The question as to whether cables should be laid on the solid system 
or drawn into ducts is influenced greatly by the experience found with 
electrolysis, earth currents, and bonding. Cables which rely upon a 
lead sheathing to keep the moisture out náturally will suffer most from 
the above troubles, especially in a draw-in system where moisture has 
accumulated in the ducts. Therefore the remedy would appear to be, 
in the first place, to lay such cables on a solid system. The lead will 
then be protected as much as it is possible to protect it from currents 
creeping on to or off it, at points where the soil may be moist. Even 
if laid solid, however carefully, bonding of the metal sheathing is found 
to be necessary, and as a crack in the pitch or bitumen compound sur- 
rounding the cable, or air-holes in the compound, may permit of the 
lead at that point being attacked, the laying of carth-plates at intervals 
in connection with the lead would appear advisable. If, however, an 
insulating waterproof covering is used in the place of lead, all the 
above troubles are avoided ; but is there such a covering in existence ? 
Faults sometimes arise on vulcanised rubber and bitumen cables under 
such conditions that the only conclusion to be formed is that moisture 
has reached the conductors through defects in the insulating covering, 
and unfortunately the usual tests carried out at the manufacturers’ 
works before the cable has been certified as satisfactory very often fail to 
detect these defects. The knowledge that defects in lead sheathings are 
similarly undetected, and that, however carefully a cable may be lead- 
sheathed, there is always the possibility for what are called “ pin-holes ” 
to be formed in the process, seems to put the balance in favour of 
cables with a sheathing of insulating material, taking also into con- 
sideration the fact that the absence of bonding and earth-plates 
reduces the cost of the system of distribution to an important degrce. 

In using rubber or bitumen sheathed cables it should not be desirable 
to the same extent to lay them on a solid system, but undoubtedly a 
pitch or bitumen composition surrounding the cable is an extra safe- 
guard against moisture, besides forming in a measure a mechanical 
protection. A draw-in system, however, has its objections, inasmuch 
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as, if the ducts consist of metal pipes, a fault occurring on the cable 
very often burns a hole in the pipe besides fusing the conductor solidly 
on to the pipe at the point of the fault. It then ceases to be either a 
draw-in or a draw-out system. Even if the cable is withdrawn the duct 
will be rough at the point where the conductor has arced on to the 
metal, and this may seriously injure the cable drawn in to replace the 
faulty one. A draw-in system also ceases to be of much value for dis- 
tributors, owing to the number of branch mains which become con- 
nected with it as successive installations are connected with the supply. 
There are also water troubles to be contended with, and gas not only 
collected from the subsoil, but also generated by the heating of the 
insulation at the point of a fault. 

Of all draw-in systems in use, that in which bare copper strip is 
drawn into cast-iron ducts and supported on porcelain insulators cer- 
tainly recommends itself in many ways. Certain sections of distributing 
mains constructed on this principle are in use in Glasgow on the three- 
wire system, with 500 volts pressure between the outers, and have up 
to the present given no trouble. The troubles which have been ex- 
perienced with bare copper strip in earthenware and brick conduits, 
caused by the formation of salts on the negative insulators, do not 
appear where cast iron is used, but the use of cast iron is more apt 
to cause shorts and earths if the strip is liable to buckle and to touch 
the castiron. This may be guarded against by the use of slabs of 
porcelain laid at short intervals along the bottom of the trough and 
also, between the strip and the cover. The anchoring of unstrained 
strip, if carried out at all requires to be very judiciously arranged, 
as, if careful observations are taken at the manhole, it will be 
noticed that, owing to the expansion and contraction of the copper 
effected by varying temperatures and loads, the strip tends to shift 
considerably in a longitudinal direction. If anchored at certain points 
this movement is prevented, and the strip commences to buckle. If 
the strip is laid on edge in the insulators, conductors of opposite polarity 
may make contact and cause a short circuit. If the strip is laid flat, the 
buckling will take place towards either the top or bottom of the culvert, 
but, as before mentioned, this may to a certain extent be guarded 
against by the use of slabs of porcelain laid at intervals on the top and 
underneath the strip. Copper-strip systems, in which the copper 1s 
strained and secured to specially constructed straining insulators, 
certainly has the advantage that a tendency to buckling is reduced 
to a minimum. On a large system of distribution, however, the 
continual attention and care required might hardly compensate for 
the advantage to be gained otherwise in the system, and although a 
distribution system should have quite as much attention as the other 
necessary points of a supply undertaking, it is certainly desirable 
so to standardize and design the system, that it may be kept in 
order with the least amount of skilled supervision that is possible. 

The arguments set forth in this paper tend rather to view more 
favourably a system of conductors covered with an insulating material 
and laid on the solid system, with a preference for an impervious 
sheathing of insulating material rather than lead, but there, is one 
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especially important point which has not yet been touched upon. 
This bears on the relative values of single and concentric conductors. 
An attempt will be made to enumerate some particular points bearing 
on each system with a view to forming a comparison between them. 

With the use of single conductors, in jointing, each conductor may 
be individually dealt with while under working pressure without running 
the risk of short circuits, and only the actual conductors which require 
tapping need be cut. In the event of a fault occurring on any one 
conductor it does not necessarily interfere with its neighbour, causing 
a short circuit, provided a considerable space, say of three inches, is 
allowed between adjacent conductors. The fault will constitute a leak 
to earth, and the cable, while faulty, may be still able to carry out its 
work of distribution without affecting the supply to consumers. 

If, however, a neutral wire on the three-wire system developed a 
fault which so damaged the cable that it became parted, a certain part 
of the system might be working with only the full pressure across the 
outers to deal with the load. In this case, unless the load was balanced 
equally on each side of the system, serious damage might be incurred 
by installations connected to that side of the system on which the load 
was lightest, owing to excessive pressure. The leak, being ascertained 
by the testing appliances at the generating station, may be discovered 
and removed long before the cable would become burned through or 
affected in such a manner as to interrupt the supply. 

In making joints on concentric conductors while alive, care is 
required to guard against short circuits, but not more than ordinary 
care. Ordinary care, however, is not a natural acquirement of the 
average British workman. Both outer conductors require to be cut 
and re-jointed when a tapping is made from the centre conductor. A 
concentric cable is cheaper than three зе conductors, and takes up 
far less space. Electrolysis troubles arising out of leaks setting up 
between the conductors, are reduced to a minimum, provided the 
outer conductor of the cable is worked at earth's potential, and this 
is the general rule. Earth leaks are hardly possible owing to the fact 
that with the outer conductor being worked at earth potential, any leak 
from the inner conductor or conductors must pass to the outer before 
reaching earth, and in doing so a short circuit will be formed, which 
immediately operates the section-box fuses and disconnects the faulty 
section from the source of supply. 

The fact that defective insulation in a concentric main produced a 
short circuit and not, perhaps, a small leak, means that this section of 
main consisting of the three, and not only опе or two wires, is in nearly 
every case completely thrown out of action until the defect is remedied, 
and this is a matter of seriousinconvenience to consumers' supply. Cases 
have been known in which, although a short circuit has existed between 
two conductors on a triple concentric distributor, the supply has not 
been interrupted on any of the mains. This has occurred when the two 
inner conductors which have constituted the positive and negative 
mains on a three-wire system have short-circuited, and the fuses on 
only one of the conductors has blown in the section-box. Suppose the 
fuses on the negative conductor had blown, the negative main-would 
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be in parallel with the positive, being fed from the positive through the 
short circuit ; both mains would therefore be positive to the neutral 
wire, which would have to bear the full load of the supply on the main. 
Unless consumers supplied by this defective main used apparatus which 
required the pressure across the outers, or complained of defective 
pressure, this defect might not be noticed until the meter inspector 
found something extraordinary in the readings of the meters connected 
to the negative side of the system. Fortunately, however, such a defect 
very rarely occurs, the general rule being that if a short circuit occurs 
between any two conductors, all threc become short-circuited. 

From the point of view of the efficiency of central station supply 
there is no doubt but that a triple concentric system can be maintained 
in a nearer state of perfection than a system consisting of single con- 
ductors, for the reason that as a rule any defect in insulation between 
the conductors sets up a leak, which does not cause current to flow 
along the sheathing or through earth, but is contained within the cable 
itself, thus no electrolysis of the metal sheathing will be produced and 
the whole damage is confined to one spot. Whereas with a system of 
single conductors small leaks may remain undetected for a considerable 
time, and have very destructive electrolytic effects upon the whole 
system. This specially applies to large systems when it becomes 
practically an impossibility to take frequent insulation tests of each 
section of the system. 

It would appear that, looking at the matter from a practical point of 
view, the whole question should devolve itself into, what is the best 
system to adopt to guard against electrolysis (the prime evil) and 
mechanical damage? Should not the risks incurred, due to defects 
in manufacture and jointing appliances, be left entirely out of the 
question? As with an expérience already obtained on these points 
the time should be very near at hand when it may be safely assumed 
that accidents due to such will be very few and far between. Judging 
the matter from this standpoint, the adoption of a triple concentric 
system with an insulating outer sheathing laid on the solid system 
in cast iron or stout wooden troughs seems to answer the question. 

It has not been the intention in this paper to attempt to discuss 
methods of laying out systems of distribution for supply undertakings 
such a subject requiring far more time and space than is allowed for 
this paper, if dealt with even in a very incomplete manner. The сһісі 
object has been, in the first place, to draw some amount of comparison 
between the systems at present mostly in use, and, secondly, to give a 
few particulars on practical points connected with them, which may be 
of use to engineers interested in this often neglected but all-important 
branch of an electricity supply undertaking. 


Prof. ANDREW JAMIESON said it was now evident, that electric light 
engineers had arrived at much more practical and sensible methods of 
laying down and connecting up their distribution mains than was the 
case a few years ago. He remembered telling one of the Pioneer 
Directors of the first electric lighting company for London, on hearing 
how his firm were laying down their mains, that in less than six months 
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they would have serious trouble and expense as well as cause public 
vexation, disappointment, and mistrust in their system. He suggested 
that the Company should engage an experienced submarine cable 
electrician and engineer, who had dealt with testing and laying of the 
“shore ends” of submarine cables. The pioneer replied that they 
required no such highly paid labourer. The consequence was, that their 
whole underground system had to be abandoned. From the beginning 
of 1874 to the Midsummer of 1880, he had more or less continuous 
experience of the difficulties in connecting the “shore ends” of sub- 
marine cables with the town offices of many cities by land lines and 
by underground cables, on the Brazilian coast as well as between 
England and India, etc. At Pernambuco, the Western and Brazilian 
Telegraph Company used aérial lines, whereas the Brazilian Sub- 
marine Company employed insulated lead-covered underground wires. 
Both were subject to interruptions due to faults, but the latter was 
the less frequently disturbed. At Gibraltar the conveying of heavy 
cannon along the road caused subsidences, and the late Mr. De 
Sauty (of 1865-66 Atlantic Cable fame) erected hollow pillar boxes 


at convenient distances apart, along the side of the underground. 


cable route, for the purpose of facilitating the holding of, connecting, 
testing, and disconnecting, the ends of the cable sections, as well 
as of substituting fresh ones, in a similar way to that which Mr. 
Wordingham recently introduced into Manchester ; and as had just 
been erected for the Glasgow Tramway feeder cables. The Island 
of Malta was chiefly composed of soft sandstone rock, not unlike 
“ Bath-brick," and there they hewed miles of trenches about two 
feet deep, into which they put several iron-armoured light cables, for 
connecting the different shore-ends with the Valetta Telegraph Central 
Office. There, the soft stone was so porous, that the hot summer sun 
combined with the periodical sirocco winds caused the guttapercha 
core to become “ perished,” i.e., hard and brittle, and in some instances 
the guttapercha turned from a natural dark rich brown to a whitish 
sickly yellow colour. But all these difficulties had been overcome. 
For example, at Aden, they had recourse to watertight cast-iron 
junction-boxes placed below high-water mark, with watertight pipes 
leading therefrom up to the Telegraph Office. These pipes were 
always kept full of water, and consequently the guttapercha cores were 
preserved just as well, as if they had lain at the bottom of the sea, and 
the requisite high-insulation resistance was maintained. 

Mr. Ward said that “ Mr. Sydney Baynes appears to have been one 
of the first electrical engineers to recognise the importance of pro- 
tecting ends of cables in this manner." This might be so? But the 
speaker remembered being called in by the Greenock Corporation as 
consulting electrician in 1883, when they were the second, if not the 
first, to adopt the privileges of a “ Provisional Order" under the 1882 
Electric Lighting Act. He was very glad to be associated with Mr. 
E. W. Beckingsale as the contractor, who also recognised at that early 
date the full importance of protecting the ends of cables, and took out 
at that time the first patent (he believed) for underground cast-iron 
junction-boxes. The stranded conductor of the cables was first insu- 
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lated by a dielectric of thread, saturated with a highly insulated mixture, 
and then lead-covered. The awkward property of this porous dielectric 
was, that water, damp, or moisture, percolated along the core whenever 
the lead covering was cut, so that the ends had always to be sealed as 
soon as possible in Greenock, that “ Rainopolis" of the West. Mr. 
Beckingsale used a sleeve of insulating material (drawn tightly over the 
ends of the conductor, the bared part of the dielectric and on to the 
lead) to keep the moisture from creeping through, and along the sur- 
face of the dielectric to the lead sheathing, as well as for covering 
joints. (Sec this Journal, vol. 18, p. 122: Discussion by E. W. Becking- 
sale on * The Insulation Resistance of Electric Light Installations." 
Paper read by Professor A. Jamieson, January 24, 1889.) 

Mr. Ward advocated the adoption of a corrugated ebonite bush for 
preventing the insidious creeping back of moisture along the gun-metal 
terminal sockets of the “ Baynes box." Ebonite when good, new and 
freshly turned, or machined, was an excellent insulator, but when 
exposed for months, or perhaps years, to atmospheric changes (more 
especially to light and heat), it deteriorates. He would suggest a trial 
.of a compressed hard compound of selected mica tailings, of a similar 
nature to that of the * Brooklyn” and “Globe” insulators for insulating 
span-trolley wires of the electric tramways. For preventing the electric 
osmose action, nothing surpassed several coats of the best elastic 
varnish, when properly applied. Should this coating become dirty at 
any time, it could easily be cleaned with a cloth and wood naphtha. 

The persons who are to be ultimately placed in charge of the main- 
tenance of distributing mains, should (if possible) be present from 
the very commencement to the finish of the laying-down operations. 
For, with all the skill “of fault-finding” by electrical testing, there 
was still ample room.for the use and application of careful obser- 
vation, when combined with copious notes and illustrative sketches 
taken during the laying down and the covering up of these cables. If 
all the circumstances and conditions were duly noted, the position of 
a fault in a section of cable might be frequently denoted by know- 
ledge of these and the application of common-sense, combined with 
simple electrical tests; since, neither the specification, nor the manu- 
facture of the best types of cables by the best makers, gave cause for 
apprehension of weaknesses. Faults nowadays generally arose from 
hurry and carelessness in the first installatibn, or in repairing the 
cables. 

The speaker would have been pleased to learn something morc 
from the author regarding the working, additions to, average resistance 
of, and maintenance bill for, the bare copper strip conductors, which 
werc first devised by Col. R. E. Crompton, and reported upon by 
him (the speaker) to the Glasgow Town Council more than a dozen 
years ago. 

Мг. C. D. Burnet said he had been in Glasgow two months 
previously, and by the courtesy of Mr. Ward had had opportunities of 
seeing the arrangement of the cables at one of the feeding points of the 
Glasgow mains, which had been fitted throughout with the appliances 
designed by Mr. Ward. The whole arrangement did him the 
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greatest credit. No single point, however minute, appeared to have Mr. Burnet. 
been overlooked or neglected. The only thing that was slightly against 
them at present was the initial cost of the boxes, but this was far more 
than counterbalanced by the facilities which they afforded for dis- 
connecting for testing purposes, and he (the speaker) looked upon them 
as indispensable where triple concentric cables were used. By means 
of these boxes Mr. Burnet was splitting up the principal districts in 
Carlisle into sub-districts in the area supplied by triple concentric 
cables. On several occasions workmen had driven picks through these, 
and had thus completely short-circuited the cables. This was preferable, . 
however, to the driving of the picks through the armouring and lead. 
sheathing as sometimes happened, so that when the barometric 
conditions altered; the water in the surrounding soil worked into the 
cable and a short-circuit was the result. That necessitated the localising 
of the fault, which occupied valuable time. If a district is controlled 
by suitably arranged fuse-boxes the faulty length will be cut out, or a 
length of (say) three-quarters of a mile of cable will be completely cut 
off automatically, and the fault should be localised in a very short space 
of time, probably within an hour of the occurrence. This is not so 
with the ordinary boxes supplied with the cable. It will take several 
hours (three or four perhaps) if a large district has to be dealt with, 
before the length containing the fault can be cut out; and the 
consequent inconvenience to consumers is very serious. Single cables 
laid on the solid system were being used in any extensions in Carlisle. 
In making this change he had been influenced principally by the trouble 
which is likely to occur from electrolytic action on the lead-sheathing 
of the cables laid direct in the ground ; secondly by the extreme likeli- 
hood of such action taking place between the armouring and the lead 
of the cables themselves ; thirdly by the wish to guard against chemical 
action ; and fourthly with the object of gaining time in case of a break- 
down, single cables giving more warning than triple concentric. In 
Carlisle the Corporation had entered into a contract with the Tramway 
Company to supply current for traction purposes. The negative bar is 
earthed at the station, as also is the middle wire of the lighting systems 
of mains. If the lead-sheathing in all the cables was continuous through- 
out, he feared that the breaking of a bond in the rails of the Tramway 
Company, if it should occur, would rather tend to make one regret that 
this was so. He might be quite wrong, but he thought that, if the lead- 
sheathing of a long cable were cut at intervals in order to connect 
services to consumers, and there were a tendency for current to flow 
along this lead owing to some outside cause (the boxes in the first place 
having been laid with this in view, with a space of about half-an-inch in 
all cases between the lead of the cable and the iron work of the box), 
an opposing E.M.F. would be set up between the lengths of lead, the 
sum of which would be in proportion to the number of interruptions 
in the lead, with the result that the current would be more likely to 
travel along some other conductor, whereas one faulty bond in the 
lead would probably burn out and result in serious damage to the 
cable if, in the alternative case, the lead were bonded. In conclusion 
he wished to congratulate Mr. Ward on his exceedingly useful paper, 
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Mr. Burnet. and the comprehensive and able way in which he had dealt with the 


Mr. Scott. 


Mr. 
Chambers. 


subject. 


Mr. J. GRAY Scorr agreed with Mr. Ward that due attention was not 
paid to the question of mains. If for no other reason than that of the 
amount of capital expenditure in them, they should receive greater con- 
sideration. He had been very much interested in the disconnection box 
shown by Mr. Ward. In one part of his paper Mr. Ward had mentioned 
that owing to the deficiencies of the articles supplied by manufacturers, 
it had been necessary for engineers to design boxes of their own. He 
(the speaker) had also had to do this in Leith, and he had met with 
success. He should like, however, to have more information regarding 
the cost of the very elaborate box shown by Mr. Ward. He noticed 
that Mr. Ward favoured plumbed joints. In his experience such joints 
had presented difficulties, probably on account of the carelessness of the 
British workman. He found that a gland box could be fitted much 
more satisfactorily. Mr. Ward had also touched upon a very important 
point, viz., fusing the network. Не was not aware that this was done in 
Glasgow, but it was interesting to hear it because he also did it in Leith, 
though it was a much debated point. The diagram by Mr. Ward was 
very interesting, but he questioned if it could be thoroughly safe, should 
the earth take place in any part of the network. The arrangement 
would no doubt work satisfactorily, but he thought it was very difficult 
indeed to fuse a network so that the fuses will go at the precise place 
and moment desired. 

Mr. Ward had dealt with single versus triple concentric cable. That 
was a very important point. He thought the latter were more easily 
handled and were cheaper. With regard to electrolysis, he had had 
absolutely no trouble in this respect. He had lead-covered cables, and 
he was careful to see that the bonding was done efficiently and 
throughout the whole system, and, moreover, his Department had been 
successful in obtaining the permission of the Water Trust to bond the 
lead of their cables on to their water mains. 

Mr. G. K. CHAMBERS said: The word “electrolysis” frequently 
occurred in Mr. Ward's paper, and the author referred to the 
possibility of corrosive action on the lead-sheathing due either to 
the action of external stray currents, such as tramway return currents, 
or (on account of the failure of the dielectric) to the passage of current 
from the copper conductor to the lead-sheathing and so to “earth.” 
The speaker had not been able to find in the paper that the author 
mentioned having experienced any failure of cable due to electrolytic 
action on the lead. Hc constantly referred to the necessity of guarding 
against it, and the difficulties of doing so, but he did not quote a single 
instance of trouble having arisen from this cause. It appeared to be 
obvious from this, either that Mr. Ward had managed to surmount 
the difficulties, or clse that the danger was one which existed in his 
imagination. The speaker was constantly travelling about the country, 
and had every opportunity of hearing if any trouble of this nature 
should arise, and there was little doubt but that if it occurred in the 
case of any cable manufactured by the Company he represented he 
would not be long allowed to remain in ignorance of it. In point of 
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fact he could not quote a single instance where lead-sheathed cables м 


had been damaged in the way mentioned when proper precautions had 
been taken. These precautions were of the simplest character, as they 
solely consisted of the continuous bonding of the lead-sheathing across 
boxes, etc., so as to make it electrically continuous throughout its whole 
length, and its efficient earthing at a point or points, the position of 
which must depend upon the local conditions. When the enormous 
quantity of lead-covered cable in successful use in this and other 
countries, especially in traction work, was taken into consideration, 
it was obvious that the cry about electrolysis is one which is by no 
means founded on practical results. In point of fact, the engineers 
and manufacturers who had most to say about electrolysis of the lead 
were those who were not users or manufacturers of that class of cable, 
and consequently had no practical experience in the matter. He 
thought Mr. Ward had overrated the difficulties of putting down 
earth-plates. All engineers knew of this difficulty when the plate 
had to carry any considerable amount of current, as the fact of the 
current passing from the plate to the surrounding soil tended to dry 
out the moisture from the latter and thus practically to insulate the 
earth-plate. In the case, however, of earthing the lead-sheathing, the 
currents to be dealt with are either exceedingly small, or are only 
on for a very short interval of time. From practical experience the 
speaker could say that an earth formed in the way Mr. Ward described, 
viz., by planting a length of cast-iron pipe, forms an earth which was 
quite efficient for this purpose. He agreed with Mr. Ward that cast- 
iron is as good as copper, only he had usually found it advisable to 
surround it with coke. 

The question of fusing feeders and networks was an exceedingly 
interesting one, and opened out a very large field for discussion. 
Whilst believing in a system of fusing, especially when the load on 
the network is comparatively light, he thought it quite possible to 
overdo it. The system which chiefly commended itself to the speaker 
was that of fusing distributors at the feeding points and dividing up 
the network into a number of sections, each of which was. fed by a 
feeder, and connecting those points where the sections meet through 
light fuses. The advantage of this method was that a perfect balance 
would be kept throughout the network, but should a fault develop on 
one section the light fuses which connect it to adjacent sections would 
immediately blow, thus insulating the section in which the fault had 
occurred. The heavy fuse at the feeding point protecting the 
particular distributor on which the fault had occurred would be the 
next one to blow, so that the amount of cable thrown dead would be 
comparatively small. With regard to the fuse-box which Mr. Ward 
had described this evening, the details seemed to have been exceedingly 
well thought out, and the box should be in every respect—but that of 
cost—an admirable one. The cost of such a box must be very high, 
and it was to be regretted that Mr. Ward had not given any figures for 
purposes of comparison. It certainly appeared that if an engineer 
were to go to so great an expense he would be far better advised 
to spend the money on over-ground section pillars. Mr. Ward inferred 
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that cable makers did not give sufficient attention to the manner in 
which boxes were made, but this was scarcely fair. The average cable 
specification consisted of about forty pages of General Conditions, 
three or four pages giving full particulars of the cables, method of 
manufacture, thickness of dielectric and lead-sheathing, where used, 
insulation tests, etc., etc., and in some obscure corner would be found 
the statement that “this Contract also includes the supply of thirty or 
so disconnecting boxes.” Usually no particulars were given as to the 
size the boxes are to be, the distance between poles of different 
polarities, or any other information whatsoever, and it naturally 
followed that the manufacturer, in his anxiety to keep on equal terms 
with his competitors, would offer to supply the cheapest box which 
would do the work. If he did not he would probably lose the order. 
Mr. Ward, in speaking of lead-sheathed cables, referred to the possibility 
of pin-holes in the lead-sheathing. This pin-hole theory had been 
exploded for a long time, and with present-day methods of manufacture 
pin-holes had become an impossibility. In conclusion, he would like 
to ask Mr. Ward whether he did not think that engineers would be 
better advised to lay down lead-covered cables, of which the life was 
only limited by that of the lead-sheathing, taking those precautions 
against corrosive action which experience had proved to be absolutely 
reliable, rather than to install cables with an insulating outer sheathing 
such as he (Mr. Ward) mentioned, through which the conductors might 
sink in course of time, should their temperature be appreciably raised 
by a slight over-load, or even when working under normal conditions. 
As to whether such material would prove to be of a durable character 
time alone could show. 

Mr. W. MCWHIRTER, referring to Fig. 1, said he could not agree 
with the use of ebonite glands, as it had been known to telegraph 
engineers for many years that although ebonite when newly done up 
was almost the best insulator obtainable, yet the surface soon changed 
to such a degree as to allow of considerable leakage, and with the 
higher voltages required in electric lighting, etc., no doubt it would 
deteriorate rapidly. In his opinion the trouble due to leakage between 
conductor and sheathing could only be prevented by the use of some 
form of oil gland on the principle of the Brooks system, and he 
believed that there was no very great difficulty in designing such an 
arrangement. He would be glad if Mr. Ward could give them any idea 
of the resistance to earth of the pipes he used for earth-plates. He was 
afraid this would be found extremely variable, and much higher than 
might be supposed. He was pleased that the Water Commissioners of 
Leith had shown themselves so sensible as to allow the Electricity 
Department to earth on their water-pipes. He felt sure that this was 
the most certain way of protecting pipes not only from electric-light-, 
but also from traction-, currents, and so avoiding damage due to electro- 
lysis. The remarks made by Mr. Ward as to the failure of manu- 
facturers to meet the requirements of municipal engineers had been 
replied to by Mr. Chambers. He (Mr. McWhirter) would, however, 
like to point out the waste of time and capital which manufacturers 
might needlessly make in attempting to meet such requirements, seein g 
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that our municipalities very shortly hoped to be in the position not only M 


to supply all their own electrical apparatus, but also whatever may be 
required by the consumers. The Corporation of Glasgow were now 


promoting a Bill to give them powers not only to supply electricity, but ' 


to manufacture, buy, and sell all and everything required by consumers ; 
this fortunately had not yet become law, and probably before it did the 
poor electrical manufacturers and contractors who also happened to be 
ratepayers might have something to say about it, or possibly the 
Corporation might see fit to pension off those unfortunate individuals 
whose services would no longer be required. 

For many years he had pointed out the risk of using cables where 
the whole protection depended upon the lead-sheathing, and he was 
glad that central station engineers were now inquiring into the 
matter, which they certainly ought to have done more fully before 
sinking such a large amount of capital in cables so protected. He did 
not agree with Mr. Ward that it was impossible to get cables which 
would be free from the faults he had enumerated. It was only necessary 
to look at the splendid work done in submarine cable work to see that 
manufacturers were quite able to supply such material up to any 
required standard. 

Mr. A. ADAMS (communicated) : Mr. Ward's paper gives rise to many 
interesting points, and while I agree with his conclusions regarding 
several of these, there are others where I do not agree with him. The 
systems of underground mains have not received the attention they 
should have received, and I agree with the author that the success and 
suitability of one system is a matter of opinion among engineers, just as 
the wiring rules of one engineer differ from the wiring rules of another 
engineer under similar conditions. I am of opinion that the sealing up 
of the ends of the cable can be done quite satisfactorily with tape or a 
rubber sleeve pulled over the cable end. It is a cheap and neat way of 
doing the job. With regard to fusing, I agree that it is necessary and 
proper to fuse the feeder where it joins the network, but fusing the net- 
work is a very expensive item, and appears to me to be a weakening of 
the system and to give rise to a great deal of trouble. I do not think 
the use of cast-iron manholes is justified as against a good brick or 
concrete manhole. The space required inside the manhole of course 
depends upon the system adopted, and the fusing of the network also 
depends upon the system adopted. 

Referring to the different systems of mains, I think the “ draw-in” 
system claims many advantages over any other system. A fault can be 
traced very easily without interfering with the supply in any way, and 
it is a mistake to say that when branches are connected to the mains 
it is no longer a draw-in system, for after a fault is traced to a 
main it can be located to a section between the branch joint-boxes. 
These can be picked up and the faulty piece of cable between the two 
joint-boxes withdrawn, repaired, and connected up again, and this can 
be done with the mains alive, and without interfering in any way with 
the supply if mains are three separate conductors. There is no chance 
whatever of the conductor being fused to the iron pipe. This would 
only occur if there was a short-circuit or more than one fault on the 
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Mr.Adams. system. There are other advantages that I could name in favour of the 
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draw-in system. I think I am correct in saying that the parting of the 
neutral wire would only take place with a tail end, or where the net- 
work is supplied with one way only. As a гше the mains are connected 
inaring. I do not think that concentric mains are cheaper than single 
if you take into account the iron manholes, fusing of the network, and 
expense of jointing, and of joint-boxes. Three single cables with brick 
manholes is, to my mind, a much more satisfactory job, and takes up 
no more room, when you take into consideration the space occupied by 
the tee-joint-boxes in a concentric system. 

Mr. CHARLES A. HENDERSON (communicated): With regard to the 
disconnecting boxes described, it would be interesting for the sake of 
comparison to get the price of the box and fittings complete, and also 
to hear if trouble has been experienced by having a cover which is so 
easily removed by any person of an interfering nature. I have been 
surprised that it has been thought advisable in Glasgow to have four 
4-way disconnecting boxes at the four corners of two intersecting streets 
instead of one 8-way box. It is usually found cheaper to lay the four 
extra crossings that are necessary and have only one large box, some- 
times with two covers, and I would like to hear the arguments in favour 
of four 4-way boxes. Mr. Ward has, I think, omitted one of the most 
serious faults of strained copper strip, viz., the phenomenon of “jump- 
ing” when heavily loaded suddenly, due to faults. I have seen on 
several occasions strained strip, which has been feeding a fault, * jump" 
so badly as to release itself from the strain insulators and fall to the 
bottom of the culvert. In one case I saw all the strips of a three-wire 
net-work thus affected, and the result was worse than the original fault. 
I certainly agree with Mr. Ward when he advocates removing the 
possibility of electrolysis by using an insulating sheathing for cables, 
but he has forgotten altogether, in comparing different systems, that of 
three-core cable, which is cheaper than and like triple concentric— 
usually either all right or you have a dead-short in all three conductors. 
It is very much easier, safer, and cheaper to joint, for no fittings are 
required, and where the joint is a “T” it is not necessary to cut the 
copper of any of the conductors, an ordinary “Т” joint on each core 
being all that is required. In advocating three-core I would like to 
point out that with a tail end of triple concentric, and a large motor 
load at the far end, you must disconnect the cable to make a joint, 
which means several hours, but with three-core the joint can be made 
safely by the average jointer while the cable is alive. 


CONTINUATION OF DiscUssioN, FEBRUARY 11, 1902. 


Mr. F. A. NEWINGTON (communicated): This paper deals with a 
very interesting and important subject. The author is evidently a 
strong believer in triple concentric cables, and deals chiefly with the 
troubles arising from lead-sheathing, This for alternating currents is 
admirable, but I must say that I do not like it for continuous-current 
work. Most of the difficulties mentioned are directly caused by the 
lead-sheathing. As regards the continuous earthing of the neutral 
conductor, I am afraid that this would much increase the difficulties of 
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distribution. By all means connect to earth in several places, but each 
place should be under complete control. I would suggest connecting 
the lead-sheathing to the water mains. This cannot do any harm if 
properly and thoroughly done, and will probably do good. Тһе water 
authority should not raise objections. 

Fusing.—l agree with the author that these are necessary evils. I 
think it doubtful whether it is necessary to fuse at feeding points. 
With a draw-in system it simplifies matters only to fuse the distributing 
mains at mid-way points between feeders. Any ordinary short-circuit 
on distributing mains should clear itself without doing much damage. 
A short-circuit on a feeder would necessitate that feeder being switched 
off at the generating station and then the fusesin the distributing mains 
would act, cutting off the supply in that district until the feeder was 
disconnected. This very much reduces the number of fuses. The 
arrangement shown on diagram Fig. 5 apparently does not prevent a 
district being cut off if a feeder breaks down ; therefore, to me, feeder 
fuses do not appear to be of much use. 

The arrangement of joint-boxes, manhole-boxes, fuses, etc., shows a 
great deal of careful thought and design, and I hope they will overcome 
the troubles which led to their use. I should like to ask the author 
whether he has ever found the conductors drawn out of the clamping 
pieces due to contraction of the cable in cold weather. 

Dealing generally with the four systems mentioned on the first page, 
the most important points in a system of electricity supply mains are, 
I think—(1) Reliability of supply ; (2) simplicity ; (3) cost of up-keep; 
(4) cost of installing. With a draw-in system using separate insulated 
cables in easthenware or bitumen compound ducts, a fault on a cable 
can hardly develop into a short-circuit. The great trouble with this 
system is that all insulation at present known is more or less porous, and 
on account of osmosis moisture gets to the negative conductor, and the 
insulation resistance falls. We require some better material for insula- 
tion. It might be advisable to use lead-covered cable for the negative 
conductor, but I rather hesitate to try this on a large scale. Earthen- 
ware casing appears to have some curious effect on the insulation, but 
on the other hand it is in itself an insulator. I cannot agree with the 
author that a draw-in system soon ceases to be such on account of 
branches. At every branch a box should be provided so that it can be 
disconnected. Supposing a fault occurs in an iron pipe as described in 
the paper showing signs that the conductor had fused to the pipe, it is 
possible to open the ground at the point and examine the pipe, and if 
. necessary cut out the damaged part. Bare copper strip in concrete 
culvert gives remarkably little trouble if the strip is strained and all the 
insulators can be kept clean. At the same time I think that the usual 
arrangement of gripping the strip is not good, far too much depends 
upon one or two set screws. There is another disadvantage to strip in 
culvert, and that is the great force exerted by attraction between two 
conductors of different polarity in the event of a sudden rush of current. 
I have made some rather interesting experiments on this, and find that 
with two conductors placed three inches apart, if a short-circuit occurs 
and there is a sudden rush of current of say 5,000 amperes (which I think 
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quite a moderate estimate for the first second or so), there would bea 
pull of about 200 Ibs. on each insulator. This means that in the event 
of a short-circuit happening, the insulators carrying the strip will pro- 
bably break and let the strip down on to the bottom of the culvert. 1 
have found that with the strip not strained and the insulators close 
together, there is a very large amount of leakage with a three-wire 
system with the middle wire at earth potential. I have not tried acast- 
iron culvert, and I do not think I wish to do so. 

The various chances of breakdown described in the paper do not 
apply to a draw-in system. I think, therefore, that as regards reliability 
of supply and simplicity the draw-in system with insulated cables is 
the better. The insulation breaks down in time, but the conductors 
can be re-insulated. One of the disadvantages to a draw-in system is 
the cost of inspection of the manholes at fairly frequent intervals, 
and apparently this applies also to the solid triple concentric system 
described. The cost of up-keep may perhaps be higher with a draw-in 
system, but probably the first cost of the other is greater. 

Mr. W. A. CHAMEN then said that the information Mr. Newington 
had given about the side-pull on supporting insulators with bare copper 
strip was most valuable, and he was not aware that up to the present 
any one else had made experiments with regard to the actual amount 
of stress on such insulators. They knew in Glasgow that a tremendous 
amount of force was exercised, because on an occasion when the copper 
strip had come in contact with the roof of.the cast-iron culvert the 
strip had become bent in beautiful horizontal festoons between the 
insulators just as if it were soft cord. A point worth noting with 
copper strip was that one could get a real short-circuit, but with con- 
centric cable, although the conductors are in such close proximity, a 
real short-circuit seldom or never occurred. Arcs would often form 
between the conductors, and go on burning away for some time before 
enough current would pass to blow the fuses. With regard to the 
question of electrolysis, he would like to mention that in the early davs 
of the Kensington and Knightsbridge Company lead-sheathed cables 
were used to connect consumers. These cables were run through 
walls of premises, and it was found that they were always going wrong 
in the walls. This was at first ascribed to the chemical action of the 
cement, but in the end Mr. Miller discovered that the cause of the 
trouble was something quite different. Nobody paid attention to the 
ends of the cables, and what happened was that the current was leaking 
over the ends on to the lead, passing along to the walls and there 
getting to earth and corroding away the cable. What they talked of 
now in Glasgow as electrolysis was really quite a different thing; it 
was not really electrolysis but fusion. He thought Mr. Ward had 
brought this point out very clearly. They might get the lead-sheathing 
of the cable in contact with the circuit through some accident, and 
if the sheathing was insulated in bitumen the current might have to 
go along until it could find a place weak enough to allow it to 
jump to earth; and if the cable were laid in cast-iron troughs it 
would find such places to come out at and would burn holes in 
the lead at these places. That was their great trouble, and when 
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they talked about bonding all these cables and boxes, what they 
meant was putting in a good solid bond which could carry a large 
current, He thought Mr. Ward had made it clear in his paper that, 
with regard to jointing, they did not like wiped joints. Mr. Scott had 
said that Mr. Ward was in favour of lead wiped-joints. That was 
a thing they had had to give up, and their joints now were all made 
with compound. Mr. McWhirter had spoken about municipal trading, 
and seemed to think that the Corporation were going to take all the 
work out of the hands of electrical contractors. He seemed to be 
greatly worried about a clause in an Omnibus Bill which the Glasgow 
Corporation were trying to get passed. What they wanted was to be 
able to hire out motors and consuming devices for the convenience of 
consumers, and by so doing they would be greatly benefiting wiring 
contractors. The wiring contractors were the Corporation's best 
friends, and Corporation engineers always liked to see them busy. 
With regard to the feeder fuses, it had always been his idea that feeders 
ought to be coupled to a common network. Не had hoped to get 
over the difficulties of this arrangement by means of non-return cut- 
outs at the feeder points which would immediately break circuit in the 
event of the current trying to back down a feeder from the network 
owing to a short-circuit in the feeder itself. It was, however, a trouble- 
some matter,as a manhole was not a good place for an automatic 
switch, which might stick and refuse to work on account of dirt or 
corrosion through damp. It was probable, however, that the common 
network idea would have to be departed from for other reasons, and 
that a city would have to be divided into different districts of networks 
each supplied either by one feeder only, or by a limited number of 
feeders such as two or three, and in this case it might be better to do 
away with the fceder-fuses so far as the feeding-point was concerned 
and to rely upon the distribution-fuses only at these points. 

Mr. M. B. FiELD wrote that he was unable to be present, but sent 
two sample cable joints. They were 6,500-volt three-phase cables, and 
illustrated the method of jointing by means of lead sleeves and filling 
with paraffin. In the samples sent, two short lengths of cable were 
taken and quickly jointed together; as they were not securely held, the 
joint did not come central inside the lead sleeve. This did not really 
signify, however, as there was } in. of paper between the copper and 
lead, which is the same as the insulation inside the cable itself. The 
unusually heavy lead sheath on these cables would be noticed, the 
thickness being ï in. Тһе coppers were jointed by means of copper 
sleeves slipped over the butted ends of the cores and soldered. This 
was, of course, very much against English ideas and practice. It was, 
however, the system upon which the Tramway Department's cables 
had been jointed throughout, and at present no ill-effects had been 
noticeable therefrom. Such a method saved an enormous amount of 
time in jointing. Each core of the cable was insulated with 4 in. of 
paper. The three cores were then twisted together and the whole sur- 
rounded by another 4 in. of paper before the lead sheath was applied. 

Mr. SaM Mavor said: The arrangement by which underground 
mains and feeders were connected in Glasgow in spacious cast-iron 
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"Mr.s.Mavor. chambers seemed to him to be admirably carried out. India-rubber 
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insulation was surely out of the question for underground cables of 
large size owing to its cost and its deficiency as regards durability. 
It was surprising to hear Mr. Newington's frank acceptance of a type 
of cable whose insulation is admittedly perishable, and his willingness 
to draw in these cables with the future prospect of having to draw 
them out again to reinsulate them. The better policy was surely to 
adopt cables of a type which under normal conditions would be 
permanently durable. Mr. O'Gorman showed him, a short time ago, 
a very interesting cable devised for high-tension work. It was 
insulated in several layers. The innermost layer was impregnated with 
an oil of relatively great electrostatic capacity, and each layer successively 
towards the outermost had a smaller capacitv, the result being that the 
stress was more uniformly distributed than in a cable with homogene- 
ous insulation. It was claimed that the advantage gained by this 
cable was analogous to that of a wire-wound over a solid gun. Hi: 
own very sttong opinion was that triple concentric lead-covered cables 
were the best for underground distribution. It ought to be remem- 
bered that it was only within recent years that cables of this type in 
larger sizes had been manufactured, and the machinery for such work 
was also only of recent development, so that it was only fair to expect 
that such. improvements would be made as would increase the 
reliability of heavy lead-covered cables. He quite agreed with Mr. 
Chamen that what they suffered from in Glasgow was not electrolysis 
so much as fusion. The advantages of triple concentric cables might 
be summarised as follows: they are self-contained ; there are fewer 
cables to handle; the cost is less; the space required is less, and 
therefore there is less liability to damage; there is less bonding 
required, and if this is properly done he felt sure the troubles from 
electrolysis would not exist; and they were self-testing in a way that 
separate cables were not. He thought that efficient earthing as well 
as bonding ought to be carried out at every feeding point. 

Mr. JAMES BROWN said that the importance of the matter under 
discussion was easily seen when it was remembered that mains 
represented practically about 50 per cent. of tbe capital outlay of an 
electric supply undertaking, and that a fault occurring in the mains 
might cause the whole supply to be shut down. Mr. Ward had called 
attention to the various systems of supply and to various details in 
connection therewith, as well as to various kinds of faults which might 
occur. In the town with which the speaker was connected the feeders 
and mains consisted of three separate armoured cables laid direct in 
the ground. The middle wire was connected at the station through a 
recording ammeter and resistance to earth, while the positive and 
negative 'bus-bars were connected through static voltmeters to earth. 
By this means they readily noticed any fault on the mains as well as the 
time the fault actually occurred, and by the voltmeter readings they 
gained a rough idea as to the magnitude of the fault. It was interest- 
ing to note that most of the faults had generally been traced to 
terminal ends in manhole-boxes, consumers' fuse-boxes, etc., and were 
almost without exception on the negative conductor, and due to the 
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reasons Mr. Ward had described. As regards which system of mains 
is the best for any purpose, a mixture of all systems, as seems to exist 
in Glasgow, was certainly not very desirable. Mr. Ward had described 
a very interesting disconnecting manhole-box which was being used 
in Glasgow. He would be glad if Mr. Ward could state in his reply 
who were the makers of the manhole-boxes described, as well as the 
cost of each part, iron box with lid, porcelains and terminals, etc. 

Mr. J. M. Munro said he condoled with Mr. Ward in the task 
which was set before him of combining so heterogeneous a collection 
of cables as that under Glasgow pavements into an efficient system 
suited for the pressures now used and having standardised fitments. 
But he congratulated him on the experimental data thus put at his 
disposal, as well as on the very large measure of success which now 
had crowned his efforts. Mr. Ward had not said much, if anything, 
regarding the relative costs of the various systems he described. It 
might add to the value of his paper if, before publication, he would 
add to it a table of relative costs, not of the cable alone (that could be 
got from price lists), but of cach system laid complete, of common 
sizes, in the normal Glasgow street. Those approximate prices would 
assist members in the comparison of one system with another. It 
would be interesting also to know how the author first became 
convinced that, for the protection of lead tubes, a cheap pitch com- 
pound would serve for filling troughs as well as the more expensive 
bitumen so long considered necessary by electricians, though not by 
plumbers. Had he observed any action of the pitch upon the lead or 
upon cables not lead-covered ? 

The speaker was the more interested in the continued protective 
and insulating qualities of those compounds, because in the early days 
of the industry, when people proposed odd things cheerfully, he 
designed, for some underground wiring, a system in which a tube 
of bare copper, soldered and coupled end to end, was carried by 
insulators in a concentric cast-iron, or adamantine, or concrete, pipe, 
which was to be filled up solid with bitumen. The idea in making 
the first laid copper tubular was that morc copper could be pulled 
in afterwards as wanted, or, if the worst came to the worst, a V.I.R. 
cable could be drawn through. He had been afraid to trust anything 
but special bitumen compound, and the price of that had proved too 
high for the money to be spent upon the work. Mr. Ward described 
excellent methods of making connections between lead-sheathing, 
brass couplers, and iron boxes; but did not those metals, thus con- 
nected in damp soils, set up some local electrolytic corrosion 
wherever lead-coverings were exposed? With regard to pin-hole 
faults in lead-coverings disclosing themselves after а time in cables 
which under test had shown no evidence of them, might they not 
sometimes be due to electrostatic discharges arising from electric 
surgings accompanying lightning, or from opening of motor circuits, 
or even from condenser resonance action of the cables and lead- 
coverings when feeder fuses blow? He admired very much the 
system of feeder connections and disconnecting boxes illustrated by 
Mr. Ward in Fig. 5. If he could carry this a step further and join up 
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Mr.Munr. the smaller sections of his distributing system on the same principle, he 


Mr. Н.А. 
Mavor. 


would have usefully solved a troublesome problem. 

Finally, he asked if Mr. Ward had ‘made trial of two double 
concentric distributing mains laid parallel in troughs,—a positive 
inner and “mid” outer in one cable, and a negative inner and mid 
outer in the other. If these were lead-covered the coverings would of 
course be inter-connected at intervals, but such cables would preferably 
have insulating coverings. In either case they would be laid solid with, 
if possible, some plan for keeping the pitch from actual contact with 
the cables and protecting them when the pitch was intentionally 
broken to get access. As the cost of insulation increased with 
diameter, the price of such cables would not be very much above 
that of triple concentric, and they would combine most of the advan- 
tages of triple concentric with those of single wiring. In the event 
of a burn-out, only one side of the three-wire supply would be affected, 
and, in distributors, connections for consumers taking less than 25 
amperes could be more cheaply made. Also the maximum P.D. 
between conductors in a cable would be halved. Не did not offer this 
as a carefully thought-out, still less as a novel, plan, but as a suggestion 
of the moment, and would be glad of Mr. Ward's criticism of it. He 
himself had been rather fortunate with his underground wires : once 
down they had given but little trouble. He had had trouble with 
certain lead-covered jute impregnated cable.’ This was laid, not solid, 
in a pitched trough, with a cover secured by a few nails. Some 
faults developed by corrosion of the lead near the nails. As the 
trough was wet, inside and out, all over, he did not ascribe it to 
terminal leakage to the lead finding earth by the nails, but to local 
action on the lead in touch with, but not even scratched by, a few 
carelessly driven nails. Elsewhere faults occurred from nothing more - 
subtle than a pavior's pick. This freedom from breakdown he did not 
attribute to any phenomenal care in the choice or laying of these cables. 
It was partly a result of the low pressure used in the majority of them, 
but due chiefly to the fact that they were on isolated installations, 
where all the conductors could be kept insulated from earth. There 
was much to be said in favour of earthing the mid-wire, but some 
modifications in the manner of it were advisable. In any case it 
brought with it troubles and dangers, not only to street cables, but to 
interior wiring and indoor earth connections. He thanked Mr. Ward 
for his paper, so full of useful practical detail. 

Mr. H. A. MavoR said that there were many points that one might 
talk about, but they had been very well taken up. One point that struck 
him was the leading of cable into boxes. A method adopted by his 
Company sometimes was an extremely simple one. It was to lead the 
cable into the box through a pocket in the side of the box, and to fill the 
pocket with molten metal. With regard to the troubles arising from 
electrolysis, there was a gradual growth of a wiser view in favour of 
earthing the neutral conductor throughout, and he was sure that that 
would obviate many of the most serious difficulties in this connection. 
As a manufacturer he was much interested to see the carefully thought- 
out junction-boxes shown by Mr. Ward as having been made by the 
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Corporation Electricity Department, and he quite believed what Mr. 
Ward had said about being able to get these outside. He thought, 
however, that a better result would be obtained if the Corporation, who 
are using such apparatus, instead of applying to cable companies (who 
are certainly not fitted for carrying out such work), would apply to other 
electrical manufacturers. With regard to what Mr. Chamen had said 
about the proposed Omnibus Bill, he (Mr. Mavor) had had his attention 
called to the clause in question ; but he understood that the clause had 
been modified or deleted. Іп any case he thought it was a very wise 
arrangement for the Corporation to hire out motors. The policy of 
hiring-out had been adopted with great success by the Bradford 
Corporation. 

Mr. W. B. SAYERS (communicated): Т regret that I shall be unable to 
be present at the meeting. There is one point in the paper that I do 
not understand, namely, the relation between the leakage between 
sheathing and socket, and Mr. Ward's reference to sheathing which 
“тау be lying in moisture perhaps hundreds of yards away." [See top 
of page 835.] 

Mr. WARD, in reply (communicated): The efficiency of ebonite 
bushes (Fig. 1) for the purpose of insulating bare conductors at the ends 
of cables has been questioned by Professor Jamieson and Mr. 
McWhirter. It is well-known that the value of ebonite as an insulator 
for high voltage is questionable, but I think a good deal depends upon 
the source from which the material is obtained, the thickness of the 
material between the parts to be insulated, and the length of the surface 
over which electrolysis might take place. The thickness of the bushes 
referred to 15 3 in., and owing to the corrugations, the surface length is 
54 in. I have always made a point to obtain these bushes from Messrs. 
Siemens Brothers, and have used them considerably for the past eight 
or nine years for pressures varying between тоо to 500 volts, without, as 
far as I can remember, a single instance of breakdown. 

With regard to the electrolysis of metal sheathings. of cables, 
Mr. Chambers seems to be in the happy position of having never 
experienced it, and in this, I think, he is to be heartily congratulated. 
Mr. Chambers submits, however, that proper precautions must be 
taken, which consist of the continuous bonding of the lead-sheathing 
across boxes, etc., so as to make it electrically continuous throughout its 
whole length, and its efficient earthing at a point or points, etc. In the 
first place, the precaution necessary is one of my chief objections to the 
system, bonding and earthing adding to the expense while incurring the 
risk that such may not be efficiently carried out. Moreover, I may 
mention that, unlike Mr. Chambers, I happen to be one of those unfor- 
tunate individuals who have experienced the troubles arising from the 
electrolysis of metal sheathings. I do not say that they arose, where 
what Mr. Chambers calls * proper precautions" had been taken, as 
unfortunately I had to maintain a system of mains in the days (about 
five years ago) in which we had not realised what the “proper pre- 
cautions" were. It is evident that Mr. Chambers' experiences could 
not have dated back to those unhappy times, and that, having benefited 
by the experience of others, he is now taking the “ proper precautions” 
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with a highly satisfactory result. I quite agree with his recommendations 
and therefore cannot agree with Mr. Burnet's remarks on the subject, 
in which he suggests isolating the lengths of lead-sheathing. At the 
same time I have known for some time that there are other central 
station engineers who have similar views. Mr. Burnet suggests 
obtaining an opposing E.M.F. between lengths of sheathing by isolating 
the sheathings on either side of cast-iron joint-boxes. "This is certainly 
a very ingenious idea for preventing stray currents travelling along the 
lead, but stray currents from outside sources are, unfortunately, not the 
only troubles to be contended with. I think it is quite as important, if 
not more so, to guard against electrolysis caused by defects on the 
mains themselves, with special reference to single conductors. Take 
such a case as is referred to in Fig. 4, where it may be assumed that a 
positive leak has occurred оп “А” feeder, and a negative leak on “В” 
feeder, and as suggested by Mr. Burnet, the leads of the two cables 
are in isolated sections. There might be considerable difference of 
potential between the end of the faulty section “A” and the faulty 
section “В,” and a current might flow directly through “earth” between 
the faults without being checked by an opposing E.M.F. set up across 
the joints ; an opposing E.M.F., in fact, making matters theoretically far 
worse than the insulation resistance between the leads on either side of 
the joint. Connecting the lead-sheathings of the cables across the 
joints and also at the central station would assist to convey the current 
between the leaks along the lead-sheathings of the cables, thus tending 
to break down the fault and prevent the current passing by innumerable 
ways through the earth between them, and on to the leads of the faulty 
sections perhaps at points considerably distant from the actual fault, 
thereby sowing the seeds for the reaping of further trouble. In the 
event of a bond in a car-rail becoming disconnected and the metal 
sheathings of the cables being electrically continuous throughout and 
well connected to earth at intervals by means of earth-plates, I do not 
think there would be any fear of damage to the sheathings of the cables 
if they form temporarily a return path to the station for current which 
should have flowed through the bond, the section of lead under all 
ordinary circumstances, I should imagine, being sufficient for the 
purpose, bearing in mind that only a portion of the current would 
necessarily be shunted through the lead-sheathing, the rest finding its 
way back through earth. Mr. Burnet evidently favours the protecting 
of his cables at the expense of the water and gas mains, but I presume 
he has not expressed these views to the local gas and water authorities. 
It would have been of great interest in the discussion on this paper to 
have heard the views of other engineers who approve of the method of 
isolating the sheathings, but I think the majority of opinions favour the 
views expressed in the paper on that subject. 

I do not quite follow all Mr. Chambers' remarks on earth-plates. He 
mentions that in earthing lead-sheathings the currents to be dealt with 
are either exceedingly small or are only on for a short time. "The short 
time, however, is quite sufficient in which to do the damage. It is not 
the length of time so much as the difference of potential between the 
earth-plate nearest the fault and the central station permanent earth, or 
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perhaps another fault at a distant part of the city which causes the Mr. Ward. 
trouble. Arcs in the lead may be produced instantaneously, and that 
is the very trouble which it is most difficult to guard against. If some 
time elapsed between the time at which the fault occurred and the 
fusing or arcing of the lead, the fault might be traced before having 
caused serious damage, but, unfortunately, especially with the higher 
voltages in use to-day, considcrable damage to the sheathings may 
occur in a moment, owing to the inefficiency of the earth-plates. I, 
moreover, do not see that surrounding a plate with coke can be of much 
advantage unless it is intended, being porous, to retain a certain amount 
of moisture. Any amount of coke put down in soil which has a low 
electrical conductivity can but aid the plate in a small degree. I am 
sorry I have no data to give Mr. McWhirter regarding the electrical 
resistance between some of the Glasgow earth-plates and earth. I 
might be able to furnish some if Mr. McWhirter would kindly state 
what he means by “earth.” If he would also let me know whether I 
should connect one lead of my testing-set on to the earth-plate and the 
other on to a kerbstone, paving-stone, rock, in a pool of water, or ina 
slate quarry, I might be able to carry out a few experiments for his 
benefit. 

Mr. Scott questioned if the system of fusing as illustrated on 
Diagram 5 could be efficiently carried out on the whole of the net- 
work. Although in my paper I called attention to the fusing arrange- 
ment between feeders “A,” “В, “C” and * D,” it will be noticed that 
the same method is adopted on the distribution to the left of these 
feeders, and, in fact, throughout the whole system. I did not go into 
this important question as fully as I could have wished in the paper, 
owing to the limit of time allowed for it. I believe in some cases it is 
the practice not only to fuse all distributors at the feeding points, but 
also to put in a fuse between the feeder and the distributor 'bus-bar. 
This is not done in Glasgow, the feeder being connected by a solid 
copper link to the 'bus-bar. The reason for thisis that in any case the 
feeder must have not only a safe margin over the normal load on the 
"bus-bar, but also over any extra load which may be thrown on the bar 
when a distributor fuse blows in feeding into a faulty section. Under 
these circumstances, in the event of a fault on the feeder, it is a very 
remote chance that the fuse between the feeder and the 'bus-bar will 
blow, especially as perhaps not half of the distributors attached 
through fuses to the bar are connected through to any other feeding 
point, and therefore cannot help supplying current for the blowing of 
the fuse of the faulty feeder. If a fault should occur on any of our 
feeders we rely upon the station fuses blowing, and also those on any 
of the distributors connecting the faulty feeder with a good one. Mr. 
Chambers’ method of fusing has already been tried by me, and I have 
not found it quite as satisfactory as could be wished, for the reason 
that, although the light fuses between the feeding points may be of 
considerably smaller section than those at the feeding points, they 
have nothing but small out-of-balance currents to pass, while those at 
the feeding points carry all the current going out to the distributor in 
question. For example, suppose the fuses between the feeding points are 
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put in to carry 5o amperes and under normal conditions for equalising 
purposes are passing ro amperes apiece, the fuses at the feeding points 
are put in to carry 300 amperes, and are passing 200 amperes. It stands 
to reason that in the event of a fault on a feeder or distributor directly 
connected with it, the light fuse between the fault and another feeder 
connected to it by a through distributor, will not blow as intended, but 
the fuse at the 'bus-bars of this feeder will go, owing to the load on 
that fuse being proportionately greater than the load on the light fuse 
between the feeding points. If the out-of-balance between feeders 
could be accurately gauged, then of course the small fuse between 
them could be of the required section ; but, unfortunately, in the supply 
toalarge city or town, it is hardly possible to keep continually watching 
these things to a nicety, and, moreover, at different times of the day 
the conditions of load vary very considerably and throw out the 
calculations. 

Although Diagram 5 shows what has been done in Glasgow, it may 
be mentioned that the system of mains had only this winter been in 
anything like a proper working condition, and therefore I do not 
feel at all confident that what has been done is the right thing, 
although I look upon it as a step in the proper direction. Glasgow 
should from now be in a position to furnish some of the most 
interesting information on the subject, as the system adopted lends 
itself to any form of arrangement, and owing to the nature of the 
disconnecting boxes, the circumstances of distribution in any portion 
of the city can be entirely altered practically at a moment's notice. 

Mr. Newington expresses a doubt as to whether it should be 
necessary to fuse at feeding points, but I think he has in his mind a 
system of single conductors with an insulating outer sheathing, each 
conductor being laid in a separate channel of some insulating material. 
Of all systems of mains I think the above-mentioned is least likely to 
require fusing for the reason that it is very exceptional for heavy leaks 
to be possible, and faults may quite well burn themselves clear. But in 
dealing with a concentric system, especially if lead-covered, on the 
occurrence of a fault, arcing is set up between all conductors, and will, 
if the supply is continued to the main, burn it back to the nearest joint- 
box. These remarks apply equally well to other systems, such as 
single lead-covered steel-armoured cables, or cables laid on the solid 
system (where the conductors are not laid sufficiently far apart from 
one another) I had a very interesting experience about two years ago 
in which a fault occurred on a triple concentric feeder, consisting of 
I Sq. in. + 1 sq. in. + "3 sq. in. ("3 sq. in. being the section of the outer 
conductor and the neutral of a three-wire system). Fuses were inserted 
at the home end of this feeder on the outers only, capable of blowing 
at a load of 1,200 amperes; the working capacity of the feeder being 
750 amperes. When the fault occurred the positive fuse at the home 
end blew, but not the negative, and nearly twenty yards of the fecder 
was absolutely reduced to dust, molten copper, and lead, owing to 
the resistance of the fault between the negative and neutral conductors 
being too high to allow of sufficient current passing through the fault 
to blow the negative fuse at the station. Mr. Newington suggests 
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instead of fusing the feeding points, that the feeder nearest to a faulty 
distributor should be switched off. This is one way out of the difficulty, 
but necessarily entails the cutting out of the whole district supplied by 
that feeder, which, in my opinion, is not desirable, and in any case is a 
serious inconvenience to consumers connected to a distributor other 
than the faulty one. I do not quite follow Mr. Newington’s argument 
referring to Diagram 5. The object of the disconnections shown on 
the diagram is to saveas much as possible, when a fault occurs, the 
cutting out of good sections of main which are connected between 
different feeders for the purpose of equalising pressures. In а ringed 
network, fusing at all points of intersection is usually looked upon as 
being likely to cause endless trouble, but experience has shown that 
this idea may be wrong. Suppose a chessboard pattern of network is 
planned, and two feeders inserted on opposite sides to one another, not 
in the corners but in the middle of the sides. If a fault is supposed to 
have occurred in a section of distributor in the middle of the square it 
will be noticed that no less than six separate distributors feed into that 
fault, and this means that six sets of fuses are supplying the current to 
the two fuses on the faulty section, or a ratio of three to one. It seems 
only reasonable to expect that the fuses on the faulty distributor will be 
the first to blow, and in fact this has been found the case in Glasgow 
where certain portions of the system have been connected in this 
method. If such an arrangement, when universally adopted, would 
work systematically, the minimum amount of disturbance would be 
caused on the occurrence of a fault, and the system being a ringed one 
would be working under the most economical conditions. My remarks 
on this important subject are made more by way of argument on 
different methods, than expressing a definite opinion, as I do not profess 
to have as yet had sufficient experience on the matter. 

With reference to disconnecting boxes, Mr. Henderson is sur- 
prised to learn that four 4-way disconnecting points are used at the 
intersection of streets in Glasgow instead of onc 8-way box. There 
are several reasons for this. In the first place, in the centre of the 
city where the density of supply is greatest, cables have been laid on 
both sides of the streets, and on the 100- and 200-volt supply in the early 
days, owing to the use of draw-in-systems, boxes at each corner were 
an absolute necessity. Sections of the streets have been dealt with 
individually in changing the pressure of the supply to 250 and 500 volts, 
and consequently new boxes have been required to replace the old 
ones. Secondly, in adopting a 4-way box as a standard, it is found 
to be of considerable advantage for use in the outlying districts where, 
owing to two cables intersecting, a 4-way disconnecting point is 
required, and the putting in of a 6- or 8-way box would be 
too great an expense, the outlying districts of a city taking so 
much longer to develop than the centre. At feeding points, how- 
ever, an 8- or а 10-way box is put down at one corner of the street 
and supplies all strcets intersecting at this point. This box, however, 
is 6 ft. square internally, and takes the form of a chamber rather than 
an ordinary manhole. Should it be necessary to put a feeder chamber 
іп at a certain point where streets intersect, the four 4-way cast- 
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iron disconnecting boxes may be removed in a complete condition and 
returned to the stores without dismantling anything. They will then 
be ready for inserting in some outlying district where a 4-way box is 
required, and all that will be necessary to be done will be to make 
straight through joints outside the manhole between the distributor 
ends and the ends attached to the box; thus no waste need be neces- 
sary, and the boxes can be used over and over again if the circum- 
stances of distribution require altering. 

Mr. Scott and others have asked some information as to the cost of 
a disconnecting box such as is shown in Fig. 6. Although I do not 
know what would be a fair price for a manufacturer to ask for such an 
article, I can give the time and material cost entailed to us in manu- 
facturing them. 


Cast-iron box complete, with all cast-iron fittings ... £8 10 0 

Fuse gear, including all gun-metal fittings and ends 
for four “25 triple concentric cables... m . б о о 
Manhole cover (uncaulked, but watertight) ... Gs. 58:00 
TOTAL, COMPLETE ... ss £16 то о 


It may be of interest also to mention that in comparing the price of 
a brick pit with cast-iron, I make the following comparisons : The cast- 
iron manhole, as illustrated, provides the cable-end connection boxes 
and earth-plate, at a total cost of £8 1os. In building brick pits with 
a view to making them gas and water proof, a lining of pitch has to be 
inserted between the inner and outer tiers of bricks constituting the 
9-in. walls of the box, but even with this precaution we have found 
both gas and water in the boxes. The cost of such a pit works out at 
£8, including earth-plates, bonds, and four end connection boxes, thus 
showing that there is practically no saving in the use of brick, in fact 
a loss, because the constructing of the pits while the jointer is at work 
hinders the jointer, and I find that cast-iron boxes can in consequence 
be put in in half the time. The fact that they are both gas and water 
tight adds considerably to their value from a maintenance point of 
view. It may be of interest to mention that in making some notes from 
our Manhole Inspectors’ Reports, I find that with brick pits on the 
draw-in-system the average daily report gives a return of 25 per cent. 
with either gas or water or both found in those inspected in a day; 
while with the same class of pit in connection with the solid system 
the percentage is 4. Where cast-iron chambers are used, gas or 
water is, of course, never reported. The high percentage in connec- 
tion with manholes on the draw-in-system should be regarded as a 
point worth considering in comparing it with the solid system. The 
use of cast-iron manholes I do not think would reduce it much, as, 
although they would save that amount of leakage which nearly always 
takes place through the brick manholes themselves, most of the water 
and gas on a draw-in-system drains in from the ducts leading into the 
manholes. Before leaving the subject of manholes, I might also draw 
attention to the fact that with the solid system only as many manholes 
as are absolutely necessary for fusing or disconnecting purposes need 
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be inserted, whereas on the draw-in-system they have to be inserted 
at very frequent intervals and sometimes at considerable inconvenience. 
I might also point out that the difficulty in ensuring that lead. 
sheathings do not come into contact with cement in brick pits is 
another objection to this class of box, as it is well known how soon 
lead deteriorates under such circumstances. 

Mr. Chambers suggests that instead of an underground box, section 
pillars should be used. I quite agree that it would be the safest and 
least expensive method in the end. I do not know what the Glasgow 
streets would look like with a section pillar belonging to the Electricity 
Department at each corner, when we already have tramway and tele- 
phonc pillars as well as arc-lamp and tramway poles crammed into most 
of the more important street corners. I notice, however, that a certain 
undertaking in Scotland is erecting section pillars nearly large enough 
for a mains superintendent to live in. This is, I believe, because on 
recently endeavouring to localise a fault, it took nearly two hours to 
make the necessary disconnections in an underground disconnecting 
box, the box being similar to one I have described in the paper as of 
the objectionable pattern at present being supplied by manufacturers 
as a proper standard. I have always had an idea that wherever 
possible section pillars of a suitable design should be let into the main 
walls of buildings at street corners, in a similar manner to that adopted 
in many instances by the Post Office for district letter-boxes. This 
would give all the advantages which section pillars undoubtedly have 
over underground chambers without the inconvenience of obstruction 
usually caused when they are erected at street corners. There would 
no doubt be the difficulties of way-leaves to overcome, but the 
experiment is well worth a trial. 

I must thank Mr. Henderson for calling attention to the fact that I 
had omitted to mention three-core cables in my classification. I 
certainly had overlooked this class of cable. I think, however, it claims 
to have the same weak points as exist with single conductor systems, a 
leak from one of the outers or conductors at different potentials from 
earth being possible without necessarily disturbing the other con- 
ductors. This is often the cause of serious electrolysis troubles. I 
do not see how it can be any cheaper in jointing than a triple 
concentric cable, although it should be cheaper than three single 
conductors. The cost of a T-box as used in Glasgow for taking a 
concentric ‘06 conductor off a '15 triple concentric cable is 115. 6d., 
apart from compound. I have priced a box in which a taping has to 
be taken off the centre conductor so that the two outers must be cut. 
This of course means that the type of joint referred to is one of the 
most expensive. The cost of two single T-boxes for a two-wire branch 
on the same sizes of cables is 14s. 6d., and two boxes take up far more 
space than one. I do not know what Mr. Henderson pays for his three- 
core joint boxes, but as three-core cables have the disadvantage that in 
separating the cables for jointing purposes they have to be spread out 
to a certain extent, I should imagine the box would be large and take 
a considerable quantity of compound. It has also been stated that 
in a triple Cable being fed from one end only and with a demand on 


Mr. Ward. 


Mr. Ward. 


874 WARD: NOTES ON CONTINUOUS-CURRENT [Glasgow, 


the far end, in the event of a joint being required to be made the 
supply to the demand would have to be temporarily discontinued. 
This is not the case in Glasgow, and we have had, when occasion 
required it, to complete the joint without interrupting the supply. 
This is quite easily accomplished with one or two special accessories 
and ordinary care. In fact there is no class of triple jointing, as far as 
I am aware, that we have not been able to accomplish with the current 
on. 

In reply to Mr. Newington's inquiry as to the drawing away of 
conductors from clamps owing to expansion and contraction of the 
copper, I have certainly come across many cases in which this has 
occurred, and in consequence never use clamp electrical connections 
on the Glasgow triples, and where used at all on single conductors, 
they are always soldered as an extra precaution. 

Mr. Newington objects to a statement which he asserts I have made 
to the effect that a draw-in system ceased to be such on account of 
branches. I think I stated that it ceased to be of much value for 
distributors owing to the number of branches which become connected 
with it. Branches to consumers’ premises every twenty or thirty feet 
I certainly think take considerably away from the value of such a 
system. "There is very little left to draw when a fault occurs. It 
becomes necessary to open the ground at the junction-boxes nearest 
to the fault, and for the sake of the possibility of drawing the short 
faulty length we have all the attendant risk in a draw-in system, 
water, gas, etc. Central station engineers seem to take the report 
that a manhole cover has blown up as a matter of routine. I 
must confess myself to having done so when endeavouring to supervise 
certain systems of mains. I do not kpow, however, whether the 
general public look on the matter in quite the same light, especially 
if they happen to be on the top of the cover at the time. I have 
seen so much trouble owing to gas, that I certainly think that any 
system in which gas may be permitted to accumulate under whole 
lengths of streets is an undesirable one, especially bearing in mind 
that on a draw-in system the gas is not of necessity collecting 
from the sub-soil, but may be produced by the heating of rubber, 
bitumen, or other highly inflammable material used for the insulation 
of the cables. In Edinburgh, I believe, a system of ventilation is in 
use in some cases in which ventilating pipes are conveyed from the 
manholes up the sides of the houses. The cost of all this I do not 
suppose was reckoned in the capital cost of the draw-in system. Mr. 
Newington entirely argues from my point of view on the point ot a 
fault occurring and fusing a conductor on to an iron pipe. If he is 
going to open up the street and cut out a length of pipe at the faulty 
place, where does the advantage of the draw-in system come in? 

I am very much interested in Mr. Newington's useful remarks on 
copper strip, which I think tend to lead us to the conclusion that it is 
not the best of systems to adopt. I have certainly seen the effect of 
the extraordinary force excrted when strips of opposite polarity and in 
close proximity to one another became short-circuited on both strained 
and unstrained systems, and I think the information Mr. Newington 
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has furnished as the results of his experiments is of very much 
interest and well worth noting by designers of copper-strip systems. 

Mr. Chamen mentions the deterioration of lead-covered cables in 
cement, owing to leakage of current from the ends of the conductors on 
to the lead-sheathings. I think, however, it is quite possible that a 
chemical action will take place under any circumstances provided 
the cement is moist, for the reason that the moisture would be 
alkaline owing to the lime in the cement, and therefore a solvent of 
lead. With continuous-current conductors, owing to electric osmosis, 
a good deal more alkaline solution would be drawn towards the sheath- 
ing negatively electrical to earth, and it is probably for this reason it is 
noticeable that the sheathings on the negative conductors deteriorate 
more quickly than the sheathings on positive conductors when buried 
in cement, and where the ends of the conductors have not been 
efficiently insulated. 

Mr. Chamen called attention to Mr. Scott’s remarks on wiped 
joints. Perhaps my reference to this subject was not quite clear. 
I illustrated in Fig. 2 a joint-box in which wiped joints were used, 
stating I considered the use of such joints as being one of the casiest 
and simplest of methods in which to render the lead-sheathings of 
cables metallically continuous throughout, as well as watertight if 
wiped properly. Unfortunately my experience has shown that wiped 
joints are not to be depended upon for being watertight, but I think it 
would be difficult to find a better method for ensuring metallic con- 
nection at joints. 

Mr. Field has shown a very good sample of wiped joint as used 
for all the jointing of the cables on the Glasgow Tramways system, but 
in this system I believe I am right in stating that all such joints are 
surrounded by air space in manholes and are not buried in the earth. 
I think this makes all the difference in considering moisture troubles, 
and I hope Mr. Field will find it so. 

Mr. Sayers calls attention to my remarks on the leakage “ between 
sheathing and socket, and the deterioration of the sheathing at a point 
perhaps a hundred yards away.” What I was endeavouring to explain 
was that a small current may pass between the socket and the sheath- 
ing over faulty insulation, and that the sheathing, while of course 
deteriorating at this point, would also quickly deteriorate at the point 
or points at which the bulk of the current would find a path to earth. 
This point might be at a considerable distance from the point at which 
the current passed from socket to sheathing, according to the electrical 
conductivity of the soil in which the sheathing was laid. In sucha 
case, on opening up the ground at the point of the fault, perhaps a 
hundred yards or more away from the socket, nothing would be seen 
to indicate that the faulty insulation between the socket and the 
sheathing had caused the trouble ; and this is my reason for advising 
that not only the soil or ducts enclosing the cable at the point of the 
fault should be examined, but also the neighbouring joints. 

Mr. Munro brings up the question of relative costs of systems, and 
suggests that they should be tabulated in this paper. Professor 
Jamieson has also suggested tabulation, and while quite agreeing that 
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it would have been of much advantage to have included such, after 
deliberating the matter very carefully I came to the conclusion that 
owing to the elaboration required in dealing with the subject in any- 
thing like an adequate manner, it would be best for the purposes of the 
paper to omit it. One of the chief difficulties is the want of stan- 
dardisation, engineers’ views differing so widely in their ideas of the 
requirements for different systems. For these reasons and also the 
fact that I have personally never been fortunate enough to have the 
management of anything but a mixed system, I do not feel myself ina 
position to give any data which would be of much value on the 
subject. 

Regarding Mr. Munro’s remarks on the use of pitch instead of 
bitumen as a filling-in for cables laid on the solid system, over three 
years ago I took this matter up very carefully, feeling convinced that 
the best coal-tar pitch, mixed with a certain amount of shale oil for 
softening purposes, would be quite as suitable a material for the solid 
system as unrefined bitumen, while being about one-fourth the price. 
I had at that time the tests and experience of some of the best 
analytical chemists in the country, all of which bore out my views оп 
the matter. Notwithstanding the fact that some engineers prophesied 
destruction of the lead-sheathings in a short time (although not being 
able to quote any instances of actual practical experience on the 
matter), since that time (three years ago) in Glasgow we have used coal- 
tar pitch, but of the very best quality, and I have not yet seen the 
slightest sign of deterioration of the sheathing on any of our lead- 
covered cables which could be attributed to the use of pitch. I will 
say, however, that Trinidad bitumen is far more adhesive to the lead, 
and in this respect is better than pitch; at the same time I do not 
think this warrants the extra expense incurred in using it. My remarks 
on the comparison of pitch and bitumen also apply to cables with 
sheathings other than lead. I have not noticed appreciable local 
electrolytic action between lead, iron, and brass in cable jointing, 
since making a practice to ensure thorough metallic contact between 
the metals. 

Regarding my reference to what are called “ pin-holes” іп lead- 
sheathings, they have no reference to holes found in the cable after 
laying it. I have on several occasions been fortunate enough to detect 
pin-holes in the sheathings before the cable has been put under the 
ground, and have therefore been in the satisfactory position to explode 
the manufacturers theory that nowadays it is impossible for such 
things to occur in manufacture. There may be several cases in which 
these defects have caused breakdowns that I have been unable to 
account for satisfactorily, as the fault nearly always destroys all trace 
of the original cause, and naturally the manufacturers' explanation 
under such circumstances is that some person unknown has put a pick 
through the sheathing. I have never made a trial of the system 01 
mains Mr. Munro suggests, that is to say, two concentric mains laid 
solid, with the outers forming the earthed neutral of a three-wire 
system. Presumably Mr. Munro's object is to avoid disturbance to all 
three conductors in the event of a short. This certainly is one of thc 
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chief objections to a triple concentric main, but the two concentrics 
have the disadvantage over either triple or three single conductors, in 
that the neutral wire would not be common to both sides of the 
system, except where specially made so at junction-boxes. Conse- 
quently the neutral would require to be of the same section as the 
outer conductors of the three-wire system. This, together with the 
extra thickness of insulation and sheathing required for mechanical 
strength where two separate cables were used, would, I think, so add to 
the cost as to make any advantage claimed for the system of little value. 

Mr. Mavor suggested pouring molten lead into the pocket of a 
joint-box and around the lead-sheathing of the cable brought into the 
box. I had this in view some years ago, but never put it into 
practice for the following reasons: (1) The lead poured in would 
contract, and therefore if metallically adhering to the sheathing of 
the cable would not do so to the cast-iron joint-box, and consequently 
the joint would not be watertight, neither would a good bond be 
effected ; (2) The body of lead poured in would concentrate so much 
heat round the sheathing of the cable that it would be quite possible 
for the sheathing to become partially destroyed, and a very little want 
of careful observation on the part of the jointer might leave this 
undiscovered. Mr. Mavor evidently favours earthing the neutral on 
a three-wire system throughout, but although central station engincers 
might wish from one point of view to do it, apart from the difficulty of 
doing it efficiently there is the inconvenience it would cause in fault 
localising. In Glasgow, by means of certain tests carried out from one 
central station, it is possible to locate leaks and faulty insulation in 
different parts of the city to within a certain small area. Such an 
arrangement is of considerable value and saves local disconnection 
and testing, which in a large system is a very laborious task. If the 
neutral wire, however, is earthed throughout, these tests cannot 
be effected. The only manner, in my opinion, in which to accom- 
plish Mr. Mavor's *earthing throughout" would be to use an 
uninsulated neutral forming the outer of a concentric system, 
sheathed, if considered desirable, with a lead-sheathing. I believe 
there is a system at work in the south of England on this principle, 
but I do hot know whether it has met with any measure of misfortune. 

I am pleased to receive Mr. Mavor's support on the subject of the 
manufacture of jointing appliances, as both Mr. Chambers and Mr. 
McWhirter seemed to have considered my remarks unduly severe 
on manufacturers. Mr. Chambers blames consulting engincers, and 
this is the first time I have heard it expressed that consulting engineers 
should design joint-boxes. Does Mr. Chambers also approve of 
consulting engineers getting out their own specifications for the 
manufacture of cables? I was under the impression that one of 
the objects of the promotion of the Cablemakers' Union was to avoid 
this sort of thing as much as possible. I quite realise the difficulty that 
contractors experience in trying to meet the requirements and ideas of 
everybody and to cut the prices, but this should not deter them from 
devoting a little attention to some good designs, and keeping them in 
stock to meet the requirements of those engineers who know by 
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experience the value of a good article and are ready to use it. In 
endeavouring to get out such designs, I would suggest that a practical 
jointer or foreman be kept in continual attendance in the drawing- 
office, and be allowed to express his opinion on any points in the 
design in which he may imagine there is a weakness, as it stands to 
reason that the best of draughtsmen may not be aware of all the little 
difficulties to be met with in working their designs in under the streets. 
It is the jointer or mains foreman who understands most about such 
matters, and I am firmly convinced it would pay to enlist his services 
before launching, perhaps at considerable expense, what might prove 
to be an unsuitable design on the market as a new standard. 

Mr. Sam Mavor has asked if there are any of the old rubber mains, 
as used on the 100- and 200-volt systems, still in existence in Glasgow. 
There are several sections still working, not only on the old system, 
but also at 250 and 500 volts. Some sections have very soon broken 
down when changed over, others have never done so, and appear 
to be quite good, but my experience has been that it is not at all 
advisable to rely upon such cables. Regarding triple concentric 
distributors, I believe it has been mentioned that single conductors 
give more notice of defective insulation before actually breaking down. 
I do not altogether agree with this, as for the past two months weekly 
fault-localising tests have been taken on the Glasgow mains, with the 
result that we have been able to remove as many as eight faults on the 
outers of concentric mains, without the mains breaking down, and 
in some instances I know that the defects had been in existence for at 
least four weeks before being removed. Most of the faults were pick- 
holes, or cases in which a hole had been arced in the lead owing to 
insufficient bonding or earthing. Moreover, I am of the opinion that 
the life of defective concentrics could be prolonged by arranging 
the conductors so that the earthed neutral of the three-wire system 
would be the outer conductor of the cable, the positive the middle 
conductor, and the negative the core. In this manner suppose a 
defect occurred in the sheathing which let moisture into the neutral 
conductor. There would not be the tendency due to electric osmosis 
for the moisture to be drawn through the insulation between the 
neutral and the middle or positive conductor. In fact, the effect 
would be exactly opposite, and would tend to prolong the life of the 
insulation under circumstances of defective sheathing. This is a 
point that might be worthy of consideration in laying out a new 
system of concentric mains on the three-wire system. It also, I think. 
gives concentrics a standard of safety higher than that obtainable with 
three single conductors, where the negative, so to speak, is not 
electrically protected from moisture by the positive conductor. 

In conclusion, I wish to express my thanks to all those gentlemen 
who have so ably contributed to the discussion, and through their 
remarks made the discussion of so much more interest and value 
than the actual paper. I also would like to take this opportunity to 
thank the staff of the Drawing Office and also the Workshop of the 
Electricity Department, for their valuable assistance in supplying 
the drawings and models referred to. 
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SURFACE-CONTACT SYSTEMS OF ELECTRIC 
TRACTION. 


By W. KINGSLAND, Member. 


(Abstract of Paper read Фапиағу 22, 1902.) 


After giving a description of the various surface-contact systems of 
electric traction, pointing out their advantages and drawbacks, there 
were, he said, four methods of applying electricity for the propulsion of 
vehicles: the storage battery, the trollev, the open conduit, and the 
surface-contact systems. The latter was still looked upon as more or 
less of an experiment, but it was steadily, if slowly, coming to the front, 
and there were many who, like himself, predicted a very great future 
for it. The trolley system, which, principally from commercial con- 
siderations, was an easy first at the present time, was not wanted in our 
towns, as it was certainly a source of danger and was by no means a 
desirable addition to the equipment of our streets. Mr. Kingsland 
went on to trace tbe developments which the surface-contact system 
had undergone in practical working, and by the aid of diagrams and 
photographs thrown on a screen he pointed out the essential charac- 
teristics first of the group of double-stud systems equipped with magnet 
in switch, then the single-stud system with the magnetised and non- 
magnetised skate ; and finally the mechanical systems of Anderson and 
himself, the former depending on the double stud and his own on the 
single stud. He claimed that the mechanical systems had an immense 
advantage over the others, all complications of magnets and coils being 
obviated. The details of the switches employed in the mechanical 
. systems were explained. Mr. Kingsland said that the particular feature 
of his own system was that the switches were operated by means of an 
arrangement fixed to the car. The car had-two strikers dependent 
from it, one at the front and one at the back, and those strikers went 
down into a slot which was formed by setting up a rail outside the 
ordinary track rail, and operated tappet wheels. There was no switch 
apparatus whatever within the stud. Of course the slot itself might be 
a groove in the rail, but that would necessitate the alteration of the 
ordinary track construction. The connection between the main and 
the studs was exceedingly simple. Mr. Kingsland exhibited specimens 
of the switch, the tappet wheel, the inner switch-box, and the commu- 
tator, pointing out the means by which mechanical difficulties had been 
surmounted. Having explained the working of the “star-wheel” 
switch which he had originally invented, he said he had always had in 
view a switch in which instead of employing a star-wheel to move 
round and round, one lever arm only should be employed, which could 
be pressed down by the striker and returned automatically so as to be 
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ready for the next stroke. He had now perfected this switch, and its 
operation could be seen from a sample one which he had on the table 
in front of him. 

M. Уісток BonNAND, who had superintended the laying of one of 
the lines on the Claret-Vuilleumier system, said that there were two 
systems used in Paris, viz., the Diatto and Vedovelli system, where 
each switch was below its respective stud ; and the Claret-Vuilleumier, 
where one switch operated a number of studs. In the former systems, 
to work successfully, each stud must be carefully insulated, for even if 
the switch works properly the dust and mud has an appreciable con- 
ductivity, and there is always a certain amount of leakage between the 
rail and the stud which, at a pressure of 600 volts, gives rise to sparking 
after the car has passed over the stud. If vulcanite, indiarubber, or 
bitumen enter into the composition of the insulating material this 
sparking produces decomposition, and the gases given off inside 
the air- and water-tight switch-box may generate a dangerous pres 
sure, and an explosion due to such causes has occurred on the 
Diatto system, where vulcabeston is the insulating material used. 
In the Claret-Vuilleumier system this difficulty is overcome by 
using one switch for a large number of studs, and the switch can be 
placed under the pavement or road according to convenience. Also 
the insulation used is mica, and accumulation of moisture or gases 5 
prevented by ample ventilation. This system is now working very 
successfully, and has been definitely adopted in Paris and approved by 
the Service du Control, which corresponded to the English Board 
of Trade. 

Mr. Jones asked what happened in the event of the skate 
coming in contact when alive with a piece of iron or any other con- 
ductor. It seemed to him it might result in a heavy short. He had 
seen the piece of line put down at Wolverhampton on Mr. Kingsland’s 
system, and was struck with the apparent value of the system. It 
certainly seemed to him at the time that Mr. Kingsland was presenting 
to the public a solution of the problem which had been before the 
enginecring world for some time, as evinced by the number of stud 
systems introduced. 

Mr. J. C. VAUDREY said there were two points about the Claret- 
Vuilleumier system in Paris which struck him as particularly objec- 
tionable. In the first instance the studs (which represented practically 
the studs which Mr. Kingsland proposed for his own system), to be a 
success, must be half an inch above the level of the street, and should 
always be maintained at one dead level. They must therefore be made 
of some hard material. It had become a recognised fact that on tram- 
way tracks they must have wood pavement, and, as far as he had seen. 
it was impossible to maintain even wear and tear between the stud and 
the wood pavement. In Paris each of the studs was surrounded by a 
little hollow, six or eight inches in diameter, which in wet weather was 
full of water. He could not think those * puddles" would ultimately 
be allowed in our cities. Assuming that the insulation of such blocks 
could be maintained, which he very much doubted, the other objection 
was almost as fatal. In the Claret-Vuilleumier system the concentra- 
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tion of the feeder wires in a large cast-iron box about a couple of feet 
in diameter in the street, filled with a series of coils and magnets, 
seemed a most complicated system of working, and how it could last 
for a long period he could not see, as moisture must be fatal to the 
system. Apart from the studs in the road, he thought Mr. Kingsland 
would find great difficulty in maintaining the switch contacts. Mr. 
Kingsland's switch consisted of three metallic faces with an insulating 
medium between. His experience was that switches working on 500 
volts with any sort of medium would sooner or later spark. Mr. Kings- 
land hoped he would be able to maintain a perfectly dry box; he 
(Mr. Vaudrey) only hoped his expectations would be fulfilled. His 
experience was that when the greatest possible care was taken strcet 
boxes, which were apparently absolutely tight, sweated, for no other 
apparent reason except perhaps the porosity of cast iron. 

Mr. А. M. TAYLOR recalled cases of electrocution which had occurred 
in connection with one of the Paris systems, and said the weak point of 
these surface-contact systems was that, although the inventors all 
claimed that the surface plate was only alive when the car was over it, 
and although some of them professed to have means of making it dead, 
the common fault with all of them was the danger of the plates being 
left sufficiently alive to do terrible damage and destruction in the street, 
even though all the apparatus was working properly, through the possi- 
bility of moisture getting into the switch-boxes. That either this 
happens, or else that the automatic apparatus does sometimes fail, 
is proved by the numerous cases in which horses have been killed 
on the Paris lines by contact with the studs. In all these systems 
in which they had a large number of switches buried in the roadway 
and inaccessible, there was a very large number of potentialitics of 
danger which they could not very well get rid of. He could not help 
thinking that those systems which aggregated the switches all together 
in one box were rather a step in advance, though he quite saw their 
weak points. He could sympathise with Mr. Kingsland because he had 
been an inventor in this line himself. He thought Mr. Kingsland had 


Mr. 
Vaudrey. 


Mr. Taylor. 


overcome thé difficulties of the mechanical system very well indeed, . 


and if any surface-contact system which was dependent on switches 
buried in the roadway was going to succeed, he thought Mr. Kings- 
land’s would. The systems described had been tried hitherto in 
countries where there were no Board of Trade regulations. He 
apprehended that a very substantial leak must occur in very wet 
weather, when, not only the studs, but probably the skates as well, 
would be buried in water. He fancied, too, there would be great 
difficulty in maintaining the contact when snow got driven down on 
the track. There would be some nasty flashes if a stone got under the 
skate and tipped it up with 500 volts on. He apprehended that, on a 
large system, the temptation to the skate to make “shorts” would 
mecessitate a staff of men to replace fuses in the pillar boxes, and the 
imterruptions to regular traffic would be very serious, on a frequent 
service. 

Mr. SaMUEL BENNET thought the last speaker ignored the fact that 
each box was thoroughly well drained, and that it was impossible at 

Vor. 81. 58 


Mr. Bennet. 


882 KINGSLAND: SURFACE-CONTACT SYSTEMS _ (Birmingham, 


Mr. Bennet. any time to get half an inch of water on the stud. (Mr. Tay or: 1 
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should like to ask the cost of Mr. Kingsland’s system of drainage.) 
I do not think it would exceed £90 a mile. 

Mr. J. C. VAUDREY pointed out that any system of tramway drainage 
would be the common system of the town. This often failed when 
most needed, and for this particular purpose would be unreliable in 
many towns. 

Mr. HENRY LEA (in (he Chair), alluding to a remark by Mr. Kingsland 
to the effect that trolley-wires were not desirable in our streets, said he 
agreed with him so far as it related to the centre of a town, but when 
they got to the more scattered portions of a town, where there was no 
longer any necessity for that fearful-looking network of overhead wires, 
then it seemed to him that when once you had spoiled a street by 
putting in tramlines, you did not spoil it much more if you put the 
overhead wires in; and the simplicity of the overhead system left 
nothing to be desired. In contrast with that he could not but be 
struck with what seemed to be the great complication attaching 
to nearly all the systems which had been put before them to-night. 
The idea of having an electric switch underneath a muddy street 
every fifteen feet, depending for its action upon magnetic influence or 
springs, suggested that we had not yet arrived at a system which would 
turn out to be really practical for the rough-and-ready work of our 
muddy, snowy streets. He should like to ask Mr. Kingsland what 
would happen to his screw clutch if the springs broke and failed to 
return it to the position for making the next movement. If the practi- 
cability of the scheme depended upon springs he was afraid it rested 
upon a somewhat insecure foundation. He would like to know what 
prevented the tail end of the skate being forced by its spring on to the 
roadway when it left the stud. He could not imagine this multipli 
cation of apparatus underneath the street level always acting; and if 
the cut-offs failed, leaving the studs alive, there would be sure to bea 
number of fatal accidents. 3 

Mr. KINGSLAND, in reply, said what everybody wanted was a system 
which gave no trouble whatever, and in which nothing was likely 
to go wrong. He was afraid they would not get those advantages 
in any system. Of course the trolley system itself had given much 
trouble, and killed several people. If the trolley system were now 
coming in as a new thing, he thought very much more might be 
urged against it than anything he had heard that night as a criticism 
on the stud system in general. It was true that a large number of 
horses had been killed in Paris, and he believed they had all been 
killed by the Diatto system, in which a mercury contact was employed, 
and a plunger was drawn up in а very small switch-box, there being 
therefore great liability to heating. The Claret-Vuilleumier system 
had been working at the Place de la Republique since 1896, and he 
thought that was a fairly successful run. He certainly should not put 
his studs in as those in Paris were put in. His stud was put into a 
special concrete block, and there were special facilities for taking out 
the steel portion—the wearing portion—and replacing it in a very few 
minutes. It was almost impossible for a pool to form round it. A 
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question had been asked as to what happened when a short occurred M 


on a skate. All that could be done was to blow the fuse in the sectional 
pillar-box. Mr. Vaudrey seemed to be under the impression that the 
switch contacts were broken in the switch-box. There was no sparking 
whatever in the switch-box, providing the switches were operating 
properly, and one came on before the other went off. The particular 
switch and commutator he was using had been thoroughly tested. 
They had repeatedly broken as much as бо amperes іп the switch, at 
500 volts, and there had been no damage. The question of moisture 
was a serious one, of course, but he was not afraid of a small amount of 
water getting into the switches, which would be regularly inspected 
and could be replaced in a few minutes. He had never had a breakage 
in the spring arrangements to which Mr. Lea referred. Moreover, 
there were six springs, and if one broke five remained to operate the 
clutch. With regard to the question which had been asked as to the 
danger of leaving the studs alive, even the best-regulated apparatus 
failed at times; but there was a positive method of obviating a live 
stud, viz., tô put an earthed trailing brush behind the skate. ‘That was 
one of the regulations he anticipated that the Board of Trade would 
insist upon. 

Dr. SUMPNER, in proposing a vote of thanks to Mr. Kingsland, said 
that the author's system had the great virtue of simplicity, and seemed 
to him morc likely than any other to be a success. 
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THE SUPPLY OF ELECTRICITY IN BULK. 


By HARDMAN A. EARLE, Member. 
(Paper read Fanuary 28th, 1902.) 


Large Power Supply Companies are not of yesterday, for we are 
acquainted with the large works which are in operation in Canada, 
America, and on the Continent of Europe. 

Some of the better known of these large undertakings are the 
following :— 

Chévres, Geneva, utilising the power of the Rhone. At this station 
I4 1,200 horse-power generators are installed, which can give either 
single or two-phase currents at 45 periods, and at either 2,750 volts 
or 5,500 volts. A fifteenth machine is of the same power, but of 
continuous current for electro-chemical purposes. The distance from 
Chevres to Geneva is a little over 34 miles. 

Niagara, in America. The operations of this large power station 
are continually increasing. To the original power house, with a 
capacity of. 50,000 H.P., a second wheel pit is being added which will 
double the capacity. Thc 10,000 Н.Р. sent to Buffalo, nearly 20 miles, 
is to be increased to some 30,000 H.P., at 22,000 volts, with 3-phase 
transmission at 25 periods. 

The St. Lawrence River Power Company at Massena, іп the north of 
New York State, has completed the erection of the first portion of its 
large power plant. This undertaking contemplates ultimately using 
150,000 H.P., the capacity of the present canal being 75,000 H.P. The 
plant in the first instance consists of seven 5,000 H.P. generators, each 
driven by three pairs of turbines. The 3-phase generators run at 
150 revolutions per minute, with a periodicity of 25 and a voltage 
of 2,200. 

Paderno, Milan. At this station the power of the River Adda is 
utilised. Energy is transmitted to Milan, a distance of some 20 miles. 
The station has a horse-power of 13,000; current is generated by 
3-phase machines, at 13,500 volts and 42 periods. 

Vizzola, Lombardy, utilising the power of the river Picino. There 
are ten 3-phase generators each of 2,500 H.P., the voltage being 12,000. 

Besides these large undertakings, there are many stations from 
which power is being transmitted long distances at very high pressures, 
the following being a few examples of 3-phase work :— 


Sacramento Elec. Co., Folsom, California : 

3,000 kw., transmitted 22 miles at 11,000 volts, 60 periods. 
Pioneer Elec. Power Co., Ogden, Utah: 

3,750 kw., transmitted до miles, at 26,000 volts, бо periods. 
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Telluride Power Transmission Co., Provo, Utah : 

1,500 kw., transmitted 55 miles, at 40,000 volts, 60 periods. 
Hudson River Power Transmission Co. : 

3,750 kw., transmitted 18 miles, at 12,000 volts, 38 periods. 
Montana Power Co., Butts City, Montana : 

3,000 kw., transmitted 21 miles, at 26,000 volts, 60 periods. 
South California Power Co., Redlands, California : 

3,000 kw., transmitted 80 miles, at 33,000 volts, 50 periods. 


Considering these splendid cxamples of large power stations, trans- 
mitting energy long distances, the English power schemes cannot in 
any way be classed as speculative ventures ; for when so many similar 
undertakings exist, and so much thought has been given to the matter 
by engineers in other countries, the information at hand renders it 
possible, to design and erect our new stations upon the most 
economical and efficient basis. 

It may be contended that these large schemes abroad have 
unlimited water power at thcir disposal, and that therefore the results 
arc not comparable with our future power stations. The first cost of 
large water-powcr schemes is, however, usually very much higher per 
horse-power than similar schemes where coal is used, and the distance 
that the energy has to be transmitted is, moreover, almost invariably 
very much greater, and large sums must often be paid for concessions 
to utilise the water. 

There is one point in connection with these foreign schemes which 
will be noticed, viz., that the voltages are much higher than those 
customary in this country. This is due to the universal use of bare 
conductors, for which the most economical voltage is much higher 
than for insulated cables. 

The supply of electricity in bulk is, in this country, an undeveloped 
industry, but it is one which has, during the years 1900 and 19or, been 
brought most prominently forward by the promotion of a large number 
of Power Bills, having this object in view. Many of these have 
received the sanction of Parliament, and it is the object of this paper, 
in some measure, to consider the powers which have been granted to 
these Companies, and their importance as regards the distribution 
of cheap power, and I shall also endeavour to forecast their chances 
of success as commercial undertakings. With this in view I cannot, 
in the first instance, do better than give a list of the principal Acts 
which have received the Royal assent, together with the extent of their 
areas, their capitals, and the number of generating stations scheduled 
in the Acts (sce p. 886). 

These far-reaching schemes have, like all other new developments, 
been subject to the most rigorous criticism by professional witnesses, 
by opposing corporations, and by conscientious objectors. The argu- 
ments used were practically on all fours with those adopted in opposi- 
tion to railways and gas, and many statements were made by witnesses, 
who will, without doubt, have to eat their own words. 

In the same manner as it was said of railways that they could never 
pay interest on the money expended on their permanent way, so was 
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it said that the Power Companies never could pay interest on their 
mains; but notwithstanding, powers have been granted to a large 
number of companies. The Bills promoted in 1899 were unsuccessful 
in that year, but upon being re-introduced in r9oo, in a form more in 
accordance with the wishes of Parliament, the first great step forward 
was made, when the following opinion was expressed by Sir James 
. Kitson's Committee in May, 1900 : ‘‘ That the value of electrical energy 
as a means for the transmission and application of power has been 
amply demonstrated, and its importance to the industries of this 
country is admitted. The Committee accordingly advise that it is 
of public advantage to facilitate measures which may ensure a general 
supply of electrical power to all consumers who may seek to avail 
themselves of the economy and efficiency offered in the service of 
these sources of application of power." 

Taking into consideration what had already been done abroad, one 
cannot but express surprise at the opposition with which these Bills 
were met, and at many of the arguments which were used against 
them ; and that it should have been necessary for Sir James Kitson's 
Committee to have expressed the above opinion, to enable the schemes 
to proceed at all, is most extraordinary. 

The opposition experienced may be divided under two heads: 
firstly that of Local Authorities, who, having expended large sums 
of money on their own central stations, did not wish to be exposed 
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to competition; they at the same time held that they could supply as 
cheaply as the Power Companies, and they also could not agree 
to speculators with a roving commission taking up their streets ; and 
secondly the opposition of those who held the schemes to be un- 
necessary, and likely to prové financial failures. The first objection 
has been ruled out by Parliament, and the second I will endcavour 
to discuss. The Local Authorities have been fully protected, for 
though the Acts are not all quite upon the same lines, the powers 
of the Companies are practically as follows :— 


(1) Energy shall be supplied by the Company. 


(a) To authorised undertakers, and 
(b) To persons requiring a supply of power. 


(2) The Company shall not supply energy for lighting purposes 
except to authorised undertakers, provided that the cnergy supplied to 
any person for power may be used by such person for lighting any 
premises or any part of which the power is utilised. | 

(3) The Company shall not supply energy (unless specially provided 
for in the Act) in any area which, at the date of the passing of the Act, 
forms part of the area of supply of any authorised distributors without 
the consent of those distributors. 


There is also a section in the Act with regard to conversion, which 
reads as follows :— The prices to be charged by the Company shall 
not excced those respectively stated in the schedule, and such prices 
shall include the cost of transforming the energy supplied (if so 
required by the authorised undertakers or persons supplied) to such 
pressure and description of current as such undertakers or person may 
require. 

Wayleaves have been granted through both the larger and the 
smaller townships, but to minimise as far as possible annoyance from 
taking up streets, the Companies have, as a rule, been excluded from 
passing through certain central portions of the towns, the excluded 
areas being defined by the area of a circle drawn by a mile radius from : 
the Town Hall, or some other similar area mutually agreed upon 
and sanctioned. The Corporations have, therefore, received ample 
protection. 

It is desirable that the scope of these large companies should be 
thoroughly understood. Their object is not to retail electricity to small 
consumers, but to supply in bulk to corporations, and to authorised 
undertakers, and to large works requiring a supply for power, 
and which latter are situated outside any present authorised area. 
They are not, therefore, permitted to compete either directly or in- 
directly, or to supply in areas which, at the date of the passing of the 
Acts, formed part of the area of supply of any authorised distributors, 
without the consent of those distributors. 

At first sight, some might assume that these restricted powers leave 
but little for the new power companies to do. It does not, however, 
require any very lengthy study of the question to appreciate the 
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enormous field that is open, and that, notwithstanding the number of 
electrical works that are already in operation, the demand they are 
supplying is but a fraction of future developments. 

The larger towns are certainly provided with their central stations 
for light and power, and those who reside within their areas are in a 
position to obtain current upon reasonable terms. 

The number of electricity works in operation in Great Britain and 
Ireland amounts to some 200. Besides these, some 270 other provisional 
orders have been granted, but not more than half of these latter have 
found it desirable to commence the erection of works. 

Quite apart from the supply of power, there are therefore large 
numbers of smaller towns which, although they have obtained an 
order, find that their cost of production, on a small scale, would be too 
high to ensure a good return on money spent. 

A better illustration cannot be given than the situation in the 
manufacturing portion of the West Riding of Yorkshire, which area of 
about 1,800 square miles is now comprised in the scheme of the York- 
shire Electric Power Co. Within this area of supply there are the 
following local authorities :— 


Number Provi- 
of Works. sional Applications. 
Authorities. Orders, 
County Boroughs -— — B. x. 5 cae SS — 
Non-County Boroughs ... ix ДЇ uu (OL x. 4 2 
Urban Districts ... x pe 118... —... 12 4 
Rural Districts ... ie ... 210 ... — .. — 
157 II 16 6 


Of these 157, therefore, only 11 have works established and giving a 
supply, namely : — 


Units sold. | Load Factor. Total Costs. 


Barnsley... "T s — T .. — 

Bradford ... m e. 3,424,658 .. 1426 .. 1°22 
Brighouse ... ‘ies 26: — ... — e. -- 

Dewsbury ... З .. 232,907 .. 1031 ... 296 
Doncaster ... is iss — — = m 

Halifax... Pv ... 1,896,667 ... 1668 ... 1°28 
Huddersfield sis .. 951,033 .. 1072 .. 153 
Leeds sis Ji ... 2,520,414 .. ІГ28 .. ІЗІ 
Morley sits a AES 77,776 ... 1057. .. 429 
Sheffield ... gio ... 2,381,708 ... 12708 .. 1:52 
Wakefield ... sine .. 229,818 .. 10°75 .. 1°93 


(The above figures are taken from the last published returns.) 

The inhabitants of theabove towns number approximately 1,500,000, 
and the remaining 1,009,009 inhabitants in the district have to generate 
their own current or do without. 

Five other generating stations have just started in this district or are 
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about to do so, namely, Batley, Heckmondwike, Keighley, Rotherham 
and Shipley. An electric supply is, however, available only over 130 
square miles out of the 1,800 included in the Yorkshire Co.'s area. 

From these particulars it will be seen that even in this one district 
there are 141 local authorities totally unprovided for. This is not a 
state of affairs peculiar to this district, for the same story can be told in 
connection with the districts of all the large power schemes. 

It is estimated that in the Yorkshire Power Co.’s area there are 
some 27,000 factories and workshops, and that these require some 
2,000,000, horse power to drive them. This latter figure is but a rough 
approximation, but clearly shows that the Company may confidently 
anticipate a good demand for power, to provide a load for the 
generating stations representing 100,000 I.H.P., which they intend to 
erect. 

I now propose to consider the engineering of these power schemes, 
which in England and Wales are based upon the problem of transmit- 
ting energy from the coal pit centres. 

The points for consideration are :— 


Board of Trade regulations. 

General system. 

Cost of generating stations. 

Cost of trunk mains. 

Cost of sub-stations. 

Cost of distributing and service mains. 

Total expenditure and capital account. 

Works cost per unit generated, including management. 
Trunk mains, upkeep and superintendence. 
Expenditure at sub-stations and upkeep. 

Distributing and service mains, upkeep and superintendence. 
Summary of expenditure per annum. 

Analysis of total units sold per annum. 

Total cost per unit sold. 

Rates of charge. 

Financial results. 


In every problem it is, in the first instance, necessary to put down 
the known quantities, and in the question before us, there are certain 
Board of Trade regulations with regard to the voltage which may be 
employed for transmission, and supply, and the energy which may be 
transmitted by any one main. 

The regulations prescribed by the Board of Trade under section 4 of 
the Electric Lighting Act, 1888, relate to low-pressure and high- 
pressure supplies ; the latter being a pressure over 500 volts, but not 
exceeding 3,000 volts. If these regulations could not be departed from, 
these large schemes could not be economically carried out. Consent 
has, however, in several instances been given to extra-high pressures 
being adopted, and at the same time the energy which any single main 
may carry has béen fixed. 
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It is unnecessary, in the schemes actually before us, to apply for 


permission to generate at a higher pressure than 11,000 volts, which 
lation, and some reduction in the cost of the generators, transform- 


A lower voltage means more copper in the mains but less expensive 


voltage has, as already stated, been sanctioned in several instances by 
considered whether it is necessary to work at so high a pressure. 


the Board of 


insu 
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ing apparatus, and possibly switching gear, and as there will be a large 
number of sub-stations and distributing centres, it is a matter of impor- 
tance what pressure it is desirable should be introduced into these. 

In laying down a number of stations to supply a large area with 
energy, every endeavour must be used to simplify the plant to the 
greatest possible extent, and at the same time to ensure its reliability 
and suitability for the work to be performed. "There are, however, two 
factors, which do not admit of our basing our scheme merely upon the 
question of simplicity, and these are—first cost, and economy of work- 
ing. 

In considering the general system, we must ascertain as far as we 
are able the nature of the demand, the uses to which the energy is to be 
put, the distance from the generating station to which it is to be 
transmitted, the amount to be converted, and the quality of current and 
pressure into which it has to be transformed. There is also the 
periodicity. ; 

25 periods is good for rotaries, but is rather low for high voltage 

incandescent lamps. | 

40 periods would appear to give the cheapest installation for all 

purposes ; and 

42 periods has been assumed to be the lowest admissible for arc 

lamps. 

A definite decision on this point is necessary, and it is highly 
desirable that a standard should, if possible, be fixed. 

Of the large schemes, the Yorkshire Power Company is the one 
with which I am best acquainted. It has four power stations scheduled, 
the three most important of which are situated on the coal fields and 
surrounded with factories and works of all descriptions, and, with the 
exception of a small outlying portion of the area, 12 miles 15. 
practically the maximum distance to which it will be necessary to 
transmit energy. The four stations will average 25,000 I.H.P. each, and 
although some will develop more quickly than others, we can consider 
how the 100,000 I.H.P. which it is intended shall be installed will be 
distributed. 

I have made a rough approximation, as given below, of the uses to 
which the power will be put. 


Load Factor. 


L5 per cent. for Tramways and Light жасы —— 50 per cent. 
60 per cent. ,, Motors ... ... 30 per cent. 
25 25 per cent. ,, Lighting to Authorised Undertakers ... II per cent. 


IOO per cent. 


This gives a load factor of 28 per cent ; 25 per cent. has, however, 
been assumed in all calculations. 

The above load Factors are not those for individual cases, but the 
resultant Load Factor at the generating station. 

Of the total power generated at each station, I have assumed that 
20 per cent. can be sold as generated without conversion ; for it has 
been found, upon canvassing the district, that a very large load can be 
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obtained within a three mile radius of the principal stations (for which 
no conversion will be necessary), for a considerable percentage of the 
output without any expenditure on high tension trunk mains, the more 
remote portions of the area will have to be subsequently dealt with ; 
but during the first two or three years, while the station is lightly 
loaded, and the cost of generation per kilowatt is relatively high, the 
initial expenditure will not overweight the concern. 

Taking the cost of the generating stations next into consideration, 
my calculations are based upon the cost of four generating stations, 
each of 25,000 I.H.P., equalling, at 84 per cent. efficiency, an output of 
15,666 kilowatts; and I have allowed for the following sets :— 


4 of 5,000 I.H.P. each Т” aut .. 20,000 І.Н.Р. 
5 of 2,000 I.H.P. each bus T .. 10,000 I.H.P. 
9 sets 30,000 I.H.P. 


This provides for sufficient plant to take the full load, even if one of 
the large sets were shut down. At any time desirable, however, some 
of the load could be transferred to another station. 

Cost of each station :— 


Land and Buildings ... in e ... £30,000. 
Boiler-house Plant, Condensers, Pumps, 

Coal Conveyors, etc.  ... aes .- 120,000. 
Switch Gear, Direct Current Boosters апа 


Cables in Station ... 54% КТ «+s 30,000. 
Engines, Generators, and Exciters ... ... 150,000. 
(Including spare plant as given above.) ———— 
£330,000 
4 Stations. 
£1,320,000 


The cost of trunk mains to transmit energy from the generating 
stations to the sub-station converting centres, constitutes a large and 
important item in the total expenditure. 

The Board of Trade has fixed a standard of thickness for the 
insulating material with which a cable shall be covered. The minimum 
thickness may not be less than one-tenth of an inch, and in cases where 
the extreme difference of potential exceeds 2,000 volts, the thickness 
of insulating material shall not be less in inches, or parts of an inch, 
than the number obtained by dividing the number expressing the volts 
by 20,000. The point has been frequently raised that the thickness 
specified is excessive ; but for the purposes of this paper, cables are 
taken conforming to the regulation, and which can at the same time be 
used with the centre unearthed. 

It will be interesting briefly to consider the question of earthing the 
centre-point of the star in 3-phase working. The argument for earthing 
is more easily appreciated than the opposite. 

In a 3-phase system with, say, 10,000 volts between any two of the 
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three wires, cach of these wires is at 5,775 volts difference of potential 
from the centre point. If this point is earthed, although the insulation 
between any two wires must withstand 10,000 volts, that between any 
conductor and earth may be reduced to withstand 5,775. If no point of 
the system is earthed, and the insulation resistances of all three wires is 
equal (irrespective of their respective values), then each conductor has 
but 5,000 volts to earth; but if the insulation resistance of the three 
wires differs (as it always will), then the potential difference to ground 
of the circuit having the highest insulation will approach in value to 
10,000 volts, so that the insulation to ground of each circuit has to be 
able to withstand 10,000 volts. 
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This increased insulation affects the cables by throwing out the 
diameter of the lead sheath and armouring, and will approximately 
increase their cost by some 1o per cent., or of the cable laid, including 
troughing, by some 7 per cent. 

There are certain advantages which point to the desirability of 
earthing the neutral point, but there do not appear to be corresponding 
advantages to warrant not earthing. The increased cost of laying 
down a system such as we are considering, with no earth connection, is, 
however, not great; and may be taken as represented by a yearly 
charge of some £800. It seems, therefore, highly desirable that what- 
ever may be our intention, that we should be able to either earth or not, 
as practice might prove desirable. 
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Other points of interest and importance which are considered are 
those relating to voltage, of generation, loss in transmission, current 
density in cables, the length of the cables, and several curves are given, 
with reference to these points." | 

Fig. No. 1 gives the prices of 4 sizes of 3-core cables of the “ Triple 
Triangular Diatrine" type, a single core having an area of 023, 7049, 
"1025, "1544 sq. in. respectively in the four sizes of cables. 

The cables are suitable for voltages ranging from 3,000 to 10,000. 

From these curves it will be seen how rapidly the cost increases 
with an increase of voltage. 

For the commercial consideration of the problem, it is necessary to 
ascertain the cheapest voltage at which the system can be worked, and 
to facilitate this, on Fig. No. 2 (which is practically a price list) 5 curves 
are plotted from the particulars on Fig. No. r, giving the connection 
between area of copper and price per mile at 5 constant voltages. 
These two series of curves give between them the price of any 3-core 
cable up to ‘2 of a square inch per core, and for any voltage from 3,000 
to 10,000 between the conductors and to earth. 

Figs. Nos. 1 and 2 are as stated only price lists, and do not readily 
give us what we require for the solution of our problem, which is to 
transmit a given number of kilowatts and to find the voltage which gives 
the cheapest cable. 

Now there are two conditions, either of which can be fixed, but not 
both : they are density in the copper and per cent. drop. 

In order to fix our ideas and have a starting point to work from, the 
curves in Fig. 3 have been plotted, giving the price per mile at various 
voltages: firstly, for a constant density of 1,000 amps. per sq. іп.; 
secondly, for a constant drop of 1 per cent. per mile. 

A certain k.w. load is taken, and the curreut found for it correspond- 
ing to various voltages. The area to carry this current, under the above 
conditions, is next found ; the cable can be then priced from Fig. 2. 

These curves in Fig. 3 show very clearly that there is a cheapest 
voltage for each number of k.w. to betransmitted. Above this voltage 
the price of the cable increases, due to increased insulation, and below, 
due to increased copper. These points of cheapest voltage are joincd 
and they are scen to be on a straight line. 

If it is inadmissible to work at 1,000 amps. per sq. in., and a lower 
density is necessary, any density other than 1,000 amps. per sq. in. can 
be obtained from Fig. 3, by moving along these straight lines; thus the 
curve for 2,000 k.w. at 1,000 amps. per sq. in. is also that for 1,000 k.w. at 
500 amps. per sq. in., and so on, the percentage of drop being reduced 
in proportion to the reduction of the density. 

Now the case of 1,000 k.w. interests us most. The curves for this 
show that the price for either 1,000 amps. per sq. in., or 1 per cent. drop 
per mile, is much the same, i.c, £620 to £630 per mile. In the first 
case, however, 6,000 volts, and in the second 8,000 volts is the corres- 

ponding voltage of supply. 
с I wish to thank Mr. J. Егић for assistance given me in the preparation о! 


the curves, and Messrs. Callender, Glover, and the Helsby Company, for 
sainples of cables they have lent me. 
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The loss at 1,000 amps. per sq. in. is 1'25 per cent. per mile, and the 
density at r per cent. drop per mile is 1,080 amps. per sq. in. The two 
curves cross at a voltage of 7,500, which gives for the same cable 
1,000 amperes per square inch, and 1 per cent. drop at a price of £640 
per mile. 

This is the price of the cable alone, the cost laid being approximately 
as follows : — 


Cable delivered  ... iss is ds НЕР e. £640 
Digging trench at 15. per E id a 88 
Cast-iron trough, TES and бен А up with bitumen, > 

рег уд... ns . 204 
Handling cable iss кз Қа? aa dés ds - 70 


Total cost per mile laid у? ї бб 


And it has been assumed that in large quantities a price of £1,000 per 
mile would cover. 

Exact information as to the heating of this type of cable does not 
appear to be available, but it is probable that 1,000 amps. per sq. inch, 
giving a drop of 1 per cent. or 10k.w. per mile is a possible figure for the 
maximum load on the cable, always bearing in mind that this maximum 
only exists for short periods, and that the cable is usually working at a 
much smaller loss and higher efficiency. 

The curves show that for loads up to 1,000 k.w. per cable there is no 
need to go to 10,000 volts, the cables being actually cheaper per k.w. 
transmitted at considerably lower voltages. 

In considering the cheapest size of cable to use, the cost of the 
energy lost should also be considered, but I would here point out that 
with these extra high-tension cables, the cost of insulation is so large 
that it is impossible to apply Kelvin's law, and make the cost of the loss 
equal the interest and depreciation on the cable ; for this would work 
out to a loss much larger than the cable could dissipate in the form of 
heat. 

A brief example will make this clear. It is shown elsewheré that at 
7,500 volts and 1,000 amps. per sq. in., the loss in a mile of cable carry- 
ing a maximum load of 1,000 k.w. at 1 per cent. drop, and a load factor 
of 25 per cent. amounts to 15,000 (5259999) units per annum. This, at 


a works cost of "415 pence per unit, equals £26 per year. The price of 
the cable laid is £1,000 per mile. This at 44 per cent. interest, and 
24 per cent. depreciation equals £70 per annum. We should certainly 
hesitate to increase the loss in the cable to bring these two annual 
charges equal, so that the loss need only be considered as heating the 
cable and not affecting its price. 

The maximum carrying capacity of any one main which the Board 
of Trade has consented to lately, is 1,000 k.w., and this seems to be 
sufficient for all ordinary purposes. But, for the purpose of linking two 
stations, it would be more economical to employ larger mains of say 
2,000 k.w. capacity, and it is of interest to consider the relative cost. 
From the prices of cables given, three 1,000 k.w. 7,500 volt cables cost 


1902. } ELECTRICITY IN BULK. 897 


13,000 laid, whereas two 2,000 k.w. cables, allowing 50 per cent. more 
for laying, cost the same, but transmit 33 per cent. more energy. 

We have heard it stated, amongst other places, in the Parliamentary 
Committee Rooms, that it is cheaper to carry coal to the district where 
the energy is required, and there to erect the generating station, than to 
transmit the energy electrically. This is an assertion which I do not 
think those who made it ever endeavoured to prove, and in practice it 
has nothing to do with the case. I have, however, carefully considered 
the matter, and have found that the cost of transmitting one and a 
quarter millions units per annum a distance of то miles, with a load 
factor of 25. per cent., and building a sub-station and converting it 
to the quality of current and pressure required, will add ‘2 of a penny 
to the cost per unit. 

These power companies do not anticipate supplying the largest 
towns with energy, but they do contend that they can generate, 
transmit, and convert, at a price which will enable the smaller towns to 
obtain advantages they now have not, and also to ensure a large demand 
from those requiring power. 

Cost of sub-stations :— 

- When considering the cost of sub-stations, and the machinery with 
which they are to be equipped, it is necessary to make an assumption 
as to the uses to which the energy will be put, and the apparatus which 
- is to be installed for conversion purposes, and below I give an approxi- 
mate idea. 


Per cent. 
Ro- Motor  Trans- 
taries. Generators. formers. 
IS per cent., Tramways and Light CR .. 15 .. — .. — 
бо Р Motors .. sti ic зо... 20 a. 30 
25 " Lighting to authorised. undertakers — ... 15 .. IO 


25 35 40 


With regard to the load with which the sub-stations must deal, we 
have— 


Four stations each 25,000 see s .. 100,000 I.H.P. 
At 84 per cent. efficiency bes 55% .. 84,000 Е.Н.Р. 
Kilowatt capacity T s уез 62,ббо 


From this latter figure 20 per cent. is deducted 
for unconverted current supplied from 
the power stations, leaving, say ... ... 50,000 k.w. 
to be dealt with by the sub-stations. 


In calculating the cost of the sub-station machinery, etc., I have 
taken the three types of converters in accordance with the percentages 
given above, and I have assumed 25 sub-stations, averaging 2,000 k.w. 


each. 
Vor. 81. 59 
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. K.w. Price per k.w.. Cost. 
25 per cent., Rotary Converters with 

Transformers Sug is ... 12,500 .. £4 .. £50,000 
40 per cent. Transformers I ... 20,000 ... 2... 40,000 
35 per cent., Motor Generators .- I7500 .. 4b... 78,750 


(The above prices include all starting gear.) 


EP 


£168,750 
Spare Plant and Boosters, add 20 per cent. ген 2: eos 36,250 


Switch Gear, Instruments, Cables, etc., at £500 per sub-station — 12,500 
25 Buildings at £500... с see sad гав e. 12,500 


£230,000 


The rotary converters have been assumed for the traction load, and 
for such motors as can be conveniently supplied from the same mains. 
The transformers have been taken for the supply to 3-phase motors, 
and to such lighting as the users of the power may require, and for 
street lighting. The motor generators have been taken for lighting 
where direct current is required, and for such motors where advan- 
tageous. 

With respect to the distributing mains radiating from the generating 
stations and sub-stations, the following is the capital expenditure which 
I have included for them :— 


Distributing Mains ... bus Ga ... $350,000 
Service Mains... Ne ae Т ... £200,000 


TOTAL COSTS. 
CAPITAL EXPENDITURE. 


ок 
гел installed 
Four Generating Stations at £330,000 ... £1,320,000 ... 2110 
Mains—Trunk ids ... 350,000 
* Distributing ...- 350,000 
Service sey ... 200,000 
-— £900,000 1445 
Inspection and Service Boxes zi те 10,000 ... 16 
Sub-stations, 25 each, 2,000 k.w. average, for 
50,000 k.w.. у 4% T" 
Buildings, Rotacies Motor Generators; a aaa que 37 
Transformers, and Switch Gear 
Promotion Expenses, ыы. Contin- 
gencies, etc. oe ds ‘ee 60,0000  ... '96 
Balance and Working Capital е AN 146,666 ... 235 
$2,666,006 ... 42°72 
2-2 222-2224 aes 


* The distributing mains may be used for either high or low tension dis- 
tribution ; high tension mains will in many instances have to be run from the 


sub-stations to smaller distributing stations, controlled by tramway companies 
and authorised undertakers. 
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Having considered the total capital expenditure, we can turf to the 
cost of generation, which is given in the following table, all expenditure 
being calculated on the basis of four power stations of 25,000 I.H.P. 
each, working with a 25 per cent. load factor. 

Cost of Generation, with an annual output of 140,000,000 units :— 


Pence per 
unit. Total. 
Cost of Coal.. Р ii vu dis .. 7128 £74,666 
Oil, Waste, Water, and Stores 2) T iai es 704 23,400 
Wages and Station Staff . € jus saa 44: 7052 20,000 
Repairs апа Maintenance - 4% - -— ... 705 29,167 
Rent, Rates, and Taxes ... к 05 29,167 
Management, Directors’ Fees, Salaries ol Chief and 
Assistant Engincer, Office Salaries, Legal Ех- 
penses, Insurance, Яс. ... © "025 15,000 
Sinking Fund on four Generating Stations at joey 000 
each— £1,320,000 at 3 per cent. ... - ... 7068 30,600 
413 £241,000 


I will now consider the expenses in connection with the Trunk 
Mains, Converting Stations and Distributing and Service leads. 
Upkeep and Superintendence of Trunk Mains and OBERE Fund. 


Sinking Fund and Repairs on £350,000, at 4 per cent .. :.. £14,000 
Superintendence and Wages T m vie IT .Г. 2,750 
£16,750 

Converting Sub-stations :— 
Cost of Sub-stations, £230,000, 3 per cent. аш Fund .. £6,900 
Repairs and Maintenance, 2 per cent. ... € .. 4,600 
Oil, Waste, Stores, etc. s “е EP iss "T Г. 5,000 
Superintendence and Wages 208 i С dag .. 18,750 
£35,250 
Upkeep and Superintendence of Distributing and Service Mains :— 
Sinking Fund and Repairs on £550,000, at 4 per cent.. ... £22,000 
Superintendence and Wages ivi ae кү "- -— 2,750 
£24,750 


The Total Annual Expenditure being :— 
Annual Expenditure at four Generating Stations, including 


Office Expenses, etc. ... bus Т ia ys ... £241,000 
Trunk Mains... T m és bos 55% s .. 16,750 
Sub-stations ... sie ... ise T ТГ aids .. 35,250 
Distributing and Service Mains .. б ie n ees 24,750 


Annual Expenditure — ... £317,750 
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Analysis of total units sold :— 
Each Generating Station ... vis res iss .. 25,000 LH.P. 


Or for the four Stations... bee ... 100,000 I.H.P. 
This at 84 per cent. combined eficiency ju .. 84,000 E.H.P. 
Or... is T А ios Е ... 62,660 К.м. 

This at 25 per cent. load factor’ is in 137,234,000 units per ann. 
Say... Е jos ay oat — 140,000,000 units per ann. 


Of this, 20 per cent. is generated as direct current and distributed 
from the power stations without conversion. 

In calculating the lost energy in the trunk main, I have assumed as 
a basis 1,000 kilowatts transmitted ro miles.at 7,500 volts, with a drop 
of 10 per cent. or 1 per cent. per mile. Ten per cent. loss at full load 
represents a loss of 110 k.w. in 1,100 k.w. generated ; but, working with 
a 25 per cent. load factor, this would be represented by 250 k.w. trans- 
mitted continuously. As the loss varies as the square of the current, 
the loss in this case would be one-sixteenth part of 110, or 7 К.м. 

This, as a matter of fact, is the minimum loss which could exist, the 
actual loss being dependent upon the load curve on the main. The 
most extravagant rate at which the energy could be transmitted with 
the 25 per cent. load factor, would be to transmit 1,000 k.w. for 6 hours 
per day, which would represent a loss of 660 units per day ; the mini- 
mum loss, on the other hand, being 7 k.w., or 168 units per day ; and 
the average of the maximum and minimum losses, viz., 414 units per 
day, has been taken, or ага units per mile per day. 

Three hundred and fifty miles of trunk mains are included ; this 
brings the loss in them to 5,250,000 units per annum. To calculate the 
loss in conversion, the plant in the sub-stations is assumed to be working 
at 1 load, and the load to be divided between the various plant as 
already mentioned. 


Per cent. Per cent. 
Rotaries... .. efficiency at $ load == 9o Proportion of plant = 25 
Motor generators Т j = 87 5 p 2933 
Transformers " j = 073 " » 740 


This gives a combined efficiency of the sub-stations of 92 per cent. 
A loss of 2 per cent is taken for the distribution from the sub-stations, 
and for the direct current distributed from the power stations. 


The total units sold are obtained in the following way :— 


Units generated per annum  ... se — T ses 140,000,000 
Less 20 per cent. distributed from power stations... «ss 28,000,000 

i | 1 12,000,000 
Loss in high tension trunk mains s. use wee 5,250,000 
Delivered to sub-stations ... EN - Г. 106,750,000 
Loss in sub-stations at g2 per cent. ER wes T" 8,540,000 


99,210,000 
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Add to this the D.C. units generated in power stations ... 28,000,000 


126,210,000 
' 2 per cent. less in low tension mains ... ven us 2,510,000 
Units sold per annum ... uus Ves s s ... 123,700,000 


The above shows that the efficiency of transmission, conversion, 
and distribution, viz.: the percentage of units sold to units generated, 
equals 88:4 per cent. 


Analysis of cost per unit sold, 123,700,000 units per annum :— 
Cost 


per Unit 
Sold. 


Coal... ез gis ‘is "i sia hs ... £74,666 ... 7146 


Oil, Waste, Walter, Stores— 
Generating Stations ... ... £23,400 
Sub-stations ... ska ... 5,000 


Wages—Station Staff... .. £30,000 
Wages Trunk Mains 2,750 
Wages Sub-station ... 18,750 


Wages Dist. Mains... 2,750 £54,250 ... ‘106 
Repair and Maintenance— 
Station 3 na £29,167 
Trunk Mains к 3,500 
Sub-stations... seis 4,600 
Distributing... з 5,500 
------ £42,767 .. 7083 


Rent, Rates, Taxes =... a oe is e. 29,167 ... 7057 
Management, &c. veo ТТ et із 15,000 .. ‘029 
Sinking Fund—Stations жа p £39,600 


Trunk... a -— 10,500 
Sub-stations ... 56 6,900 
Dist. Main... ёз 16,500 


£73,500 .. 7144 


4,317,750 ... ‘620 


Тһе total cost per unit sold having been obtained, we must next 
consider the maximum prices which the company is entitled to charge 
per quarter; and to make this clear I give the schedule of the Act 


1 The 2 per cent. loss in low tension mains may at first sight appear a 
rather low figure, but it must be remembered that these power companies 
will not carry on a retail business, and that in many instances small sub- 
stations will be built immediately adjoining, or as part of, the supply stations 
of authorised undertakers, in which case there will be no loss in low tension 
mains at all for which the power company will be responsible. 
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which settles this point. The scale of one or two companies varies 
somewhat, but the following may be taken as representative :— 
A. To authorised undertakers, 

(1) For any quantity not exceeding the equivalent of 100 hrs. of 
supply at the maximum power which has been demanded by 
him at the rate of 3d. per unit. 

(2) For any further quantity exceeding the equivalent of 100 and 
not exceeding 200 hrs, of supply at such maximum power, at 
the rate of 2d. per unit, 

(3) For any further supply exceeding the equivalent of 200 hrs. of 
supply at such maximum power, at the rate of 1d. per unit. 

B. To persons other than authorised, 20 per cent. in excess of the 
above rates, 


TABLE SHOWING MAXIMUM RATE OF CHARGE AND LOAD FACTOR. 


Price per Unit in Pence. | 
| 


Hours per quarter ivalen | 
of maximum Load Factor. | | 
demand. To authorised To others. | 
undertaker. 20 per cent. extra. | 
XM CI ыы ee | 
100 4'6 per cent. 3 2:60 | 
200 90 ” 25 3700 | 
300 13 ” 2'0 2'40 | 
400 18 К 1°75 2°10 | 
500 22 ” 1°60 1'92 
600 27 » 1'50 1°80 | 
700 31 " r43 172 | 
800 36 3% 1°38 1°66 | 
goo 4! » 1°33 1'60 | 
1,000 45 " 1°30 1:56 
1,100 50 y: 1:27 1:52 | 
1,200 54 T 1°25 1'50 | 
1,300 59 ” 1°23 I 48 | 
1,400 64 " 1722 146 
1,500 68 2: 1'20 1`14 | 
1,600 73 ' 1°18 142 | 
1,700 77 » 1'17 гат 
1,800 82 » 17 1°40 
1,900 86 1:16 1:59 
2% | 91 " 715 1 38 
2,100 | 96 " —14 1°37 
| 2,190 | 100 j 1'14 1:57 


It will be scen from the above table that with a 25 per cent. load- 

factor the maximum rate of charge 
To authorised undertakersis ... .. I'55d. per unit 

and to others (plus 20 per cent.) ... ais әх. "1874: y 

In considering the financial result of the complete undertaking, ап 
average charge of r'1d. per unit has been assumed. This is very much 
lower than the company is entitled to ask ; but as, during the first few 
years of working, the total costs will exceed ‘62d. per unit sold (which 
is the figure arrived at), it will be desirable at first to charge in accord. 
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ance with the scheduled rates, the charge being subsequently reduced 
as the cost of production decreases. 

We have now lastly to consider the financial result on the basis of 
the calculations which are before us. 


The total units per annum sold equal А s.. 123,700,000 
Which, at a charge of 11d. per unit, ae a B 
revenue of .. са Sas .. £567,000 
The annual expenditure i IS- ceed si T .-- 317,750 
Leaving a profit of a ‘ty ~ ... £248,250 


And this is equal to : 
44 per cent. on £666,666 debentures ... ... £ 30,000 
and 10'9 per cent. on £2,000,000 share capital .. 218,250 


$248,250 


This result is one which is in every way satisfactory, and the investiga- 
tion of the problem has confirmed my opinion that there is a great 
future before these power companies. 

Although my examination of the subject, as far as this paper is con- 
cerned, has now ended, many points remain which might with great 
advantage be mentioned. Some of these, I hope, will be brought out 
in the discussion. There is, however, one point that has impressed 
me in investigating this question, and I desire to say a few words 
upon it. 

The capital of these power companies is somewhat proportionate to 
the areas they have power to supply, and the Yorkshire Company, 
which I have taken as an example, has an amount slightly over 24 
millions to deal with, and an area of 1,800 square miles ; and provision 
in their parliamentary estimates has been made for 100,000 I.H.P. 
Now this horse-power can be successfully dealt with with this capital ; 
but there is no doubt in my mind that the stations will be fully loaded 
long before the demand for power has been satisfied in the district, and 
that ultimately additional capital will have to be raised, the stations 
enlarged, and some new ones erected. This development, which I 
consider certain, would result in the first instalment of 100,000 I.H.P. 
being connected up to customers situated at no great distance from the 
stations. The cost per k.w.for mains would, therefore, not be excessive, 
and each new station or extension, including plant and mains, could be 
put down for approximately the same sum per k.w. as estimated. 


Mr. EARLE : After I had seen this paper in print I found that there 
were several points which might with advantage have been mentioned, 
and that some rearrangement would have been desirable. With regard 
to the question relating to the cost of carriage of coal versus the cost of 
transmitting energy electrically, I desire to ask Mr. Wordingham to 
prove the figures which he gave in evidence before the Parliamentary 
Committee in connection with the Lancashire Power Bill ; the figures 
given in his printed evidence being that when transmitting r,ooo k.w. 


Mr. Word- 
ingham. 
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twenty-five miles with mains costing £1,800 per mile and with a 25 per 
cent. load factor, the interest charges alone on the cable equal “49 pence 
per unit, and that the cost of carrying fuel equals only '059 pence 
per unit. 


Mr. C. Н. WorDINGHAM (Chairman) said that he could speak in all 
the capacities enumerated by Mr. Earle, having criticised power schemes 
as a professional witness, as an opponent on behalf of corporations, and 
as a conscientious objector, and he was further induced to take part in 
the discussion as he had devised one of the earliest schemes of the 
kind in this country to take practical shape. So far he was still 
dependent upon other food than his own words, not any of which had 
he found it necessary to eat. 

Mr. Earle had thrown down the gauntlet, and he was quite prepared 
to take up the challenge. Mr. Earle said that in opposing one of the 
power schemes, he (Mr. Wordingham) had taken ro per cent. interest 
on capital. The print of the evidence to which Mr. Earle referred must 
have been incorrect, as what he had said, and what he had written in his 
proof, was “that the interest on capital was 5 per cent. and the rate of 
depreciation on the mains was 5 per cent." ; and he could not consider 
that either of these figures was excessive; indeed, they tallied with 
Mr. Earle's within one per cent. It so happened that he had that very 
day looked up his proof in order to refresh his memory, and, far from 
disowning his own figures, he desired to use them on the present 
occasion. He would refer to page 897 of Mr. Earle's paper in which 
he stated that the cost of transmitting 1} million units per annum a 
distance of то miles with a load-factor of 5 per cent., including trans- 


formation, would add o'2d. per unit. Mr. Wordingham maintained 


that this cost was greatly in excess of the cost of carrying the coal. 
Assuming that coal cost rd. per ton per mile for carriage, and 6d. per 


ton for upkeep of wagons, together with 15. per ton for carting, the 


total cost for transmitting the quantity of coal corresponding to the 
case Mr. Earle had taken worked out to o'o25d. per unit, so that 
electrical transmission cost eight times the carriage of coal. Another 
point that Mr. Earle had attacked in the evidence given by the speaker 
to which reference had been made was the price taken for the mains. 


Мг. Earle had assumed £1,000 per mile, whereas the speaker had 


assumed 41,800. Perhaps the difference was to be accounted for by 


.Mr. Earle having taken a current density of 1,000 amperes per square 


inch, whereas he (Mr. Wordingham) had taken a current density of 
боо. He could only express the hope that when Mr. Earle ran his 
rotatory converters, he would not have to come down to the lower 
density. 

Having replied to Mr. Earle's challenge, he would turn to the 
general question, and, in the first place, he was glad to see that Mr. 
Earle demolished the fallacy that water-power was much cheaper than 
power developed from coal. In many cases it might actually be dearer, 
on account of the great cost that usually had to be incurred in utilising 
the water as well as the payment required for the water rights. 

There was, however, another fallacy that underlay much that was 
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said about these power schemes, a fallacy which he did not think had ME Word 
been pointed out. Comparison is made between power production ы 
here апа on the Continent and іп America, and it is stated, very truly, 
that power can be produced as cheaply from coal as from water-power, 
and the inference drawn is that large power schemes will therefore 
pay as well here as abroad, if not better. The fallacy underlying this 
argument is that abroad there is no choice ; that, whereas in England 
coal can be obtained cheaply in any district, abroad, in many places, 
there is either no coal or it can only be had at prohibitive prices. It 
seemed to him that there was no analogy between the power schemes 
abroad and the proposed power schemes here, and it by no means 
followed that because water-power abroad had met with a wide field, 
power derived from coal and distributed over wide areas from single 
stations would be in great demand here. Coal, as he had already 
shown, could be transmitted so very cheaply mechanically, that there 
was no necessity to transmit it electrically, and it could be burnt with 
great economy in small stations. By the use of gas engines, a Board 
of Trade unit could be obtained with substantially less than 2 Ibs. of 
coal, even when working on a very small scale. In point of fact, Mr. 
Earle's own firm had recently guaranteed, under a specification of his 
(Mr. Wordingham's), to give a Board of Trade unit for 16,000 British 
thermal units of heat, which corresponded, if any ordinary producer 
werc used, to r'8 15. of coal burnt in the producer. He had every 
confidence that the guarantee would be fulfilled. It would have been 
interesting if Mr. Earle, besides enumerating the schemes abroad, had 
given a few of the financial results attained, and, also, if he had stated 
whether interruptions in supply were frequent or serious. On page 
889 figures were given ' which were no doubt useful in Parliamentary 
estimates, but to him they were not very convincing. It might well be 
that in a given radius there were mills requiring two million horse- 
power to drive them, but he believed that if there were, and they were 
ever driven electrically, and he were to see them, he would by that 
time be a very old man. 

Mr. Earle had stated that the local authorities had opposed the 
power schemes, and he implied that they did so from selfishness and 
because they did not like competition. This was not the case; the 
local authorities did not object to competition. What they did not 
like was unfair competition, and, if the Bills in thcir original form had 
passed into law, the local authorities would. have been most unfairly 
treated. What was sought, originally, was to give the companies 
power to select all the plums, leaving the refuse to the local authorities ; 
that is to say, the companies could select their consumers, while the 
local authorities must supply any one who chose to make the demand. 
It was quite true that the local authorities were now fully protected, 
but the local authorities had only themselves to thank for this 
protection. 

On page 888, reference was made by the author to small towns, and 
to the benefits that they were to derive from the power stations, He 
very much questioned whether much work would be done in this 
direction by the companies, and he altogether failed to see how the 
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Mr. Word- companies would make this class of work pay. If they obtained these 


ingham. 


small authorities, he did not see how the large sub-stations they were 
hoping for would be obtained. They would have to work on a much , 
smaller scale, with corresponding increase of cost. 

He desired to refer particularly to one point in which he thoroughly 
agreed with Mr. Earle, namely that portion on page 892 in which he 
pointed out the importance of the schemes paying as they went along, 
and the necessity of not overburdening them with capital in the first 
instance. This was a most vital point and one frequently lost sight of. 
Undertakings were frequently launched on too large a scale, and failed 
in consequence, whereas, had a modest beginning been made, they 
would have proved a success. 

In conclusion, he desired to emphasise the fact that he was not in 
any sense an opponent of power schemes. On the contrary, he 
belived that some of them would succeed, but he did not believe in 
them all. It was necessary that the conditions should be favourable. 
As a general principle, great advantage was gained by concentration, 
but the crux of the whole matter was the load-factor. If, апа so far as, 
the load-factor could be improved, there was a gain, but without this 
improvement there was practically none, and he very much questioned 
whether areas of such large extent as those having a twelve-mile radius 
would be suitable. He thought the radius should be much shorter. 
He believed that much harm had been done by the use of the term 
“supply in bulk.” It was altogether misleading, and implied that the 
power companies could generate more cheaply because somebody else 
undertook the distribution ; whereas all that was done was to divide the 
responsibility at a given point. Diminished cost of production does 
not depend to any appreciable extent on the increased scale, but on the 
improved load-factor. 

(Communicaled.) Mr. Earle having sent mean extract from his paper, 
in which he directly asks me to prove certain figures which I gave in 
evidence before the Parliamentary Committee in connection with the 
Lancashire Power Bill, I have pleasure in complying with his request. 
I have before me the original typewritten proof of my evidence which 
was given before the Committee. I assumed that a r,ooo-kilowatt 
main would cost £1,800 per mile, this being the price actually paid for 
such mains in Manchester at that time. The cost of 25 miles of such 
mains would therefore be £45,000, and the annual charges are thus 
calculated in my proof :— 

“ Taking interest charges on this (£45,000) at 5 per cent., omitting 
sinking fund, which has not necessarily to be paid by a limited 
company, and taking depreciation at 5 per cent. per annum, a very 
moderate sum for high-pressure mains, I find that the annual cost for 
these two items amounts to £4,500, without allowing any sum for 
ordinary repairs and upkeep. Assuming a load-factor for the main 
of 25 per cent., which is an exceedingly high one, an ordinary lighting 
station working only at 10 to 12 per cent. load-factor, the number of 
units transmitted per annum through this main would be 2,190,000, and 
the interest charges would thus amount to 0494. per unit. 

* Assuming that 3 lbs. of coal were required per unit transmitted, 
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the total weight of coal required for the production of these 2,190,000 Mr. Word- 


units would be rather under 3,000 tons. Now the cost of carriage of 
coal by rail is about rd. per ton mile for distances not exceeding 
thirty miles, and to this must be added 6d. per ton for upkeep of 
wagons, and 1s. per ton for carting from the railway station to a 
local generating station. Hence the total cost for mechanically con- 
veying the fuel from the pit at which the Company’s (Lancashire 
Power Company, who were promoting the BiH) generating station is 
assumed to be situated to the point to which the electrical energy is 
transmitted would be about £540 for the fuel, corresponding to o'osod. 
per unit transmitted.” 

In spite of its being somewhat lengthy, I have given the above 
extract in full, so that there may be no doubt as to what my evidence 
actually was. I do not think I could more conclusively prove my con- 
tention that mechanical transmission in the case selected was many 
times cheaper than electrical transmission, and it is for Mr. Earle to 
assail the figures if he can. . 

Мг. W. P. J. Fawcus said he was one of the promoters and was now 
a director of the two largest of these power schemes, the Lancashire 
and the Yorkshire, and had therefore naturally a belief in their future. 
Mr. Wordingham had stated that his opposition to the Lancashire 
Power Scheme was based on his objection to the Power Companies 
picking out best districts and leaving the worst ; such, however, could 
not be said to be the case, as this company applied for the whole of the 
county of Lancashire south of the Ribble. 

Mr. Wordingham had also criticised the load-factor which Mr. Earle 
expected to obtain, but he probably had not given due weight to the 
fact that the principal users would be power-users. Mr. Fawcus 
himself had had some experience of the load-factor obtained in a 
power-supply station as at Tafford Park ; their worst load-factor so far 
had been 45 per cent. and they had for a short time the abnormal 
load-factor of 70 per cent. There were, however, special conditions 
connected with the user of power at this station which might make 
it hardly a fair comparison with power schemes covering a wider area. 

Mr. Fawcus could not quite agree with Mr. Earle in taking his 
pressure of transmission so low ; he appeared to expect that the Board 
of Trade standard of insulation would have to be rigidly adhered to. 
By this standard 30,000 volts pressure would involve a thickness of 
insulation of one and a half inches, which would be manifestly absurd. 
As a matter of fact, several gentlemen were present in the room who 
had been with him when a test 35,000 (the maximum pressure 
available) had been put upon a piece of cable with less than one-third 
of an inch of insulation without breakdown, and he had since received 
a certificate to the effect that a similar cable of Messrs. Glover's manu- 
facture having less than one-tenth of an inch of insulation had been 
tested by Dr. D'Arsonval in Paris up to 55,000 volts without break- 
down. There was little doubt that as results like these were now 
readily obtainable, the Board of Trade would alter their standard and 
so enable high-pressure cables to be manufactured at a very much 
lower price, the reduction in the thickness of the insulation greatly 
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Мг. Ғамсив. cheapening the finished cable by decreasing the weight of the lead 


Mr. 
Highfield. 


envelope. 

Mr. Fawcus could quite bear out the author's estimate of rs. per yard 
for laying, as the majority of the mains of the power companies being 
feeders linking together the various centres of population would pass 
through country roads with a comparatively small proportion of street 
work. The Altrincham Electric Supply Company, which had a 
mixture of country roads and streets with a preponderance of the 
former, had for many years a contract with a local contractor for the 
whole of their roadwork at sixpence per yard. 

Mr. J. S. HIGHFIELD said: It was good to have a paper that dealt 
with very broad questions. His remarks had been in some part fore- 
stalled by those of Mr. Wordingham and Mr. Mountain. He agreed 
with Mr. Mountain that these power schemes could not, on the present 
lines, and at a remunerative rate, supply very large single consumers such 
as mills and electrolytic works at a great distance. If the stations were 
to be put in suitable positions in the open country, on sites adjacent to 
ariver or good coal supply, new works could be established near the 
stations, so that the distribution would be very short, there might then 
be a large field for the supply. There would be an enormous field 
for the supply of current for electrolytic purposes in the very near 
future, and electricity would be used in great quantities for new works 
operating new processes, and it would be of great advantage to such 
works to have their capital kept as low as possible by obtaining their 
electric energy from a supply company. 

He thought that Mr. Earle's figure for load-factor was by no means 
excessive, nor was the estimated output too high. He would take a 
particular case that he had to deal with lately ; it was a large mill with 
a very large amount of power employed. The total units that the 
works would take if it were driven electrically would be at least 
20,000,000 per annum ; the total cost would be o'3d. or о‘44. per unit ona 
load-factor of 70 per cent. The power company could not possibly 
supply energy to such a concern unless the transmission charges were 
enormously less than o'2d. per unit. 

All Mr. Earle's figures were worked out on the assumption that under- 
ground cables would be used, and although Mr. Earle only refers to it 
incidentally, he (Mr. Highfield) did not see why overhead feeders 
should not be used; there was no objection from an esthetic or a 
practical point of view. He thought overhead feeders could alone 
make the power companies commercially successful. He was trying 
to consider the whole question from the power company's point of 
view, because they, as electrical engineers, were desirous of seeing the 
industry extended in every possible direction. 

Another good source of business as well as new works erected near 
to the power station, would be the smaller isolated works working with 
a rather low load-factor. 

There was another field in collieries. He had equipped at St. Helen's, 
he believed, the first colliery worked in this country entirely elec- 
trically, and one that does not burn an ounce of coal except to 
warm the engine-housc ; the energy was used for cutting, hauling, and 
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winding. It was supplicd from the Corporation mains, and was Mr 


exceedingly successful and economical. Comparing the figures of 
this colliery and one worked by steam, the former at 2d. per Board of 
Trade unit works out at one-fifth of that worked by steam. ‘These 
were small collieries, but electric power could be supplied to much 
larger collieries. Colliery managers or companies were very wasteful 
of their coal, and, from the way they operate their engines at present, 
it would pay them to take a supply of electricity from outside. 

It must be remembered that a great many collieries start for a short 
time, and when the market fails they shut down. They would make 
suitable consumers for a power station, for it would not pay them 
to put down their own plant in the first instance. 

Another case would be to supply very small towns, that could be 
better supplied from a central sub-station than from their own main 
station, which it would not pay towns where the population was 
exceedingly small to install. But if there were large works, and these 
took the initiative and put down plant not only for their own use, but 
also to supply the town, that would probably be the best solution. If, 
however, the large works would not take the initiative, it would be 
cheaper for the small towns to take their supply from a power station 
than to make it themselves. 

With regard to the cost working out to o'4d. per unit, this could no 
doubt be done at a 25 per cent. load-factor on 140,000,000 units. The 
total cost at their works (St. Helen’s) was r'18d. per unit with one million 
units. He, therefore, had no difficulty in accepting Mr. Earle’s costs, 
He would like to hear the exact scale of charges; 1:14. was merely 
an average price. He gathered that a sliding scale would be 
adopted with, say, 2d. per unit for 200 hours’ use, and 4d. or 3d. after 
that. | 

Mr. А. B. MOUNTAIN said he would like to thank Mr. Earle very 
much for his paper, which put the case for the supply of electricity in 
bulk in a more businesslike light than it had ever been put before any 
committee of the House of Commons, and he wished that the opponents 
of the Bills had had such clear statements as Mr. Earle had given to 
oppose ; but after going carefully into Mr. Earle’s figures, he could not 
help thinking that the title of the paper should be altered to Mr. 
Earle's dream. 

Referring to page 888, he thought Mr. Earle would agree with him 
that the figures he had given were wrong. As an example, Hudders- 
field was given with an output of goo,ooo units, whereas with the 
traction and lighting load combined, it was 24 million units approxi- 
mately. He had therefore assumed, for the sake of argument, that the 
output of the towns named by Mr. Earle would be equal to 20 million 
units. He had also left out of the paper a considerable number of 
local authorities with works with a population of approximately 150,000, 
which would reduce the population in the area of 1,630 square miles to 
about 900,000. It should be remembered that corporations had in some 
cases for то years been doing all they could to sell electricity in the 
small area mentioned by Mr. Earle, and although they were dealing 
with a population of 1,600,000, they had only succeeded in selling 20 
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million units, yet Mr. Earle supposed that he was going to sell 
140,000,000 units over an area of 1,630 square miles, and with a 
population of only 9oo,000. It must not be forgotten that in this areaa 
very considerable portion of the ground was occupied by sheep farmers, 
horse breeders, and poultry runs. | 

On page 897, Mr. Earle estimated that the cost of delivering 
energy from the works to, say, a mill ro miles away would equal 0:20. 
per unit. He would like to give them some actual figures. It was 
costing him to get coal from a pit, approximately то miles away, 25. 2d. 
per ton, but for the sake of being perfectly fair and allowing for contin- 
gencies, he would assume 2s. 6d. per ton. This figure worked out for 
the cartage of slack, assuming 5 lbs. of slack per unit, at о'обд. per unit. 
If the mill-owner paid as he was doing, 3s. per ton at the pit, it 
would work out at o'o8d. per unit, so that it will be seen that the 
figure mentioned by Mr. Earle would absolutely prohibit the supply to 
the mill-owner, who could generate his power more cheaply by using 
coal at his mill than by using electricity from the company. 

He considered Mr. Earle's estimates were very fair, and that there 
was practically only one point with which he disagreed, that was his 
assumption of the load-factor. Не had allowed for nine plants, and yet 
he had assumed for two classes of generating plant, one for continuous 
current and the other for alternating, and yet he had only allowed for 
one plant as spare. He thought that, upon reconsideration, Mr. Earle 
would agree that he had estimated his output on too large a proportion 
of his plant. In conclusion, he would say that unless the power com- 
pany were able to supply large mill-owners at something below a half- 
penny per unit, he did not think there was the slightest chance of their 
being able to pursuade them to take out their existing engines that were 
in many cases doing most economical work. It should not be forgotten 
that for years corporations have been charging 1d. per unit, and at that 
price they could not touch the large mill-owners. It was quite obvious 
that Mr. Earle could not supply an immense number of small con- 
sumers for power purposes, because in the outer districts there were 
none. 

Dr. J. E. PANTON said; He joined with Mr. Wordingham in opposing 
one of the powcr schemes, and therefore would come under Mr. Earle 
ban in the same manner. He agreed with Mr. Earle in one thing in his 
paper. It was that many of the witnesses in the power schemes would 
have to eat their own words, especially such witnesses favourable to the 
schemes as promised to supply power with a тоо per cent. load-factor 
at o'174d. per unit. Mr. Earle's figures for output were, in his opinign, 
far too ambitious, and he (the speaker) thought that 100,000,000 units 
per annum would be the maximum that could be sold from a group ol 
stations with 60,000 k.w. of plant installed. He would like to remind 
Mr. Earle that there had been a visit of the Institution of Electrical 
Engineers to Berlin, and they were shown over the Berlin under- 
takings, comprising six stations having a total of 84,000 k.w. of plant 
installed. Atthese stations their maximum load was 60,000 k.w., which 


‘is equal to the total plant installed in the scheme under discussion. 


There the output was only 50,000,000 units per annum, and they sold 
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at an average of 2:87d. per unit. As Mr. Mountain said, he thought they 
would not be able to drive large mills. In Bolton, many of the large 
mills developed their power from steam at something under o'4d. per 
horse-power hour. He did not think electrical supply undertakings 
could expect to compete on those terms ; besides which, most of these 
industries require steam for various other purposes in manufacture, and, 
therefore, they would have to use boilers in any case. 

Mr. Earle suggested a 50 per cent. load-factor for tramways, 
whereas the Bolton Electricity Undertaking sold two thirds of their 
output for tramway purposes, and the load-factor for tramways alone 
was only 25 per cent. The charges for power in Bolton were from 2d. 
for intermittent users, to 1:35d. per unit for consumers using the supply 
forty-eight hours per week, and at that price consumers looked askance 
at them. He thought they could bring the price down, but not so low 
as an average price for tramways, power, and lighting, of 1:14. per unit. 
He would like to know how Mr. Earle arrived at his charges for power 
supply. What was to be his top price, and what was to be the “ bed 
rock" bottom price for motive power? Не hoped Mr. Earle would 
realise his dream, to a certain extent, but he feared the realisation would 
be but a caricature of the dream itself. 

Mr. JOHN SHAW said: Every contribution to this question of dis- 
tributing electrical energy was important from whatever source it 
might come. He was pleased that Mr. Earle had become a disciple 
to multiphase currents at any rate so far as South Yorkshire was 
concerned, as last year he thought Mr. Earle was preaching the 
doctrine of continuous current. Half a convert was better than none 
atall. He, Mr. Shaw, agreed with Mr. Mountain that it was not likely 
they would get any large users of power to take electrical energy at a 
price beyond 1d. per Board of Trade unit. At the present time gas 
supply can be had at an exceedingly cheap rate, and you can put down 
a plant and generate your own electricity with gas engines as prime 
motors, at a cost below 4d. per Board of Trade unit. In fact, he, Mr. 
Shaw, had a plant in his mind where the cost of generating current was 
below o'4d., and that with а by no means large plant. The cost of gas 
was, however, in this instance, very low. He felt certain that colliery 
owners were only too wide awakc to their interests, and would not be 
likely to pay 1d. per unit for electrical energy when they could put 
down their own plant and obtain current at a lower cost. 

One of the speakers had described the paper as Mr. Earle's dream ; 
he, Mr. Shaw, believed in dreamers—they very often brought their dreams 
down to solid and accomplished fact. 

With regard to the cost of cables and of laying, he, Mr. Shaw, felt 
sure that Mr. Earle had not provided sufficiently for contingencies; he 
would rather take the figure given by Мг. Wordingham of £1,800 per 
mile as a basis of calculation than thc figures accepted by Mr. Earle. 
As to the cost of laying the Altrincham cable which was mentioned as 
an example, this was laid in a shallow trench and in a light sub-soil, in 
fact was laid in the open ground, but when it was necessary for the 
cable to be laid in an iron culvert and a deep trench cut for it, the cost 
js bound to be much higher. He did not think it was possible in 
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South Yorkshire to cut trenches at an average of 1s. per lineal yard; 
they would find all sorts of difficulties to be encountered, and he should 
be inclined to put the figure at 2s. instead of 1s. 

He had nothing but praise to offer for the valuable contribution of 
Mr. Earle. They wanted much light upon the subject of transmission. 
Some were disciples of one method and some of another ; we required 
full, free and open discussion upon the question. He, personally, had 
had experience of three-phase as well as.of continous-current trans- 
mission, but he thought continous-current machinery would be in use 
when they had passed away. He was of opinion that Mr. Earle, in 
submitting his proposals with respect to the South Yorkshire power 
schemes, had taken far too rosy a view of things, because they were 


-based purely on estimated figures and did not provide sufficiently for 


contingencies that would certainly arise. 

Mr. C. D. Тліте said: With regard to the load-factor, of course 
there might be some special conditions with which Mr. Earle would 
have to deal, but he was calculating on very long-hour consumers. 
To take tramways as an instance, a 50 per cent. load-factor represented 
a working day of twelve hours at full load during seven days a week, 
whereas the ordinary tramway. load did not represent more than à 
25 per cent. load-factor; then again, a 30 per cent. load-factor for 
motor work meant that the factories were to run full load for fifty 
hours a week, which was a very high figure, and one that was not 
often reached by ordinary works. Although such works might make 
fifty hours a week, they were not working at full load the whole time. 


‘With regard to the effect which the load-factor had on the financial 


results, an easy calculation would show that if the load-factor were 
reduced to 20 per cent., as he feared it would be, seeing that a town 
like Bradford, which had got quite the largest motor load of any town 
in this country, only reached 14} per cent., and Bolton, with 60 per 
cent. of its power supplied to its tramways, only reached 184 per cent., 
then the income would be reduced by one-fifth, with only a very small 
reduction in the working expenses, and the Company would only be 
able to pay, under the most favourable conditions, 6 per cent. on the 
original capital. Again, on what he (Mr. Taite) considered a very high 
load-factor, Mr. Earle had calculated on receiving 1:14. per unit sold, 
but it was quite evident that if Mr. Earle's expectations with regard to 
load-factor were realised he would not get such a high price as rd. 
per unit, as concerns working such long hours could generate much 
more cheaply for themselves. 

Mr. S. V. CLIREHUGH said he must congratulate Mr. Earle on 
having presented the Institution with so admirable a paper. One of 
the speakers had called it a dream, but this was a most unfair name. 
It should more justly be termed an “intelligent anticipation " of the 
near future. He had never listened to such pessimistic arguments 
against power distribution by means of electricity as those advanced 
by the speakers that evening. The majority seemed to be under the 
impression that the electric supply business of the future was to be 
conducted on the lines that local authorities in this country had carried 
it on in the past, a business practically confined to a supply for lighting 
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and tramway purposes. They were, however, obviously on the verge 
of something very different, and something which would give rise to 
conditions of which those who had been merely concerned with that 
form of supply had no conception. 

It seemed to him that a large amount of the discussion had turned 
on the question as to whether it was cheaper to cart coal or distribute 
electrical energy. This did not seem to be pertinent to the paper. 
People purchased coal to produce energy, but they would infinitely 
prefer to buy the energy they required in a more convenient form 
such as electricity, and they were prepared to pay a higher price for 
obtaining such supply. The question was, would people pay a suffi- 
cient price to enable the coal energy to be transformed into electrical 
energy, and to be transmitted to the requisite point? His answer to 
that was yes! In Trafford Park there was a power-station to which 
his firm were engineers, and he would give a concrete example of the 
saving which could be effected in certain manufactures. The power- 
station supplied the Lancashire Dynamo and Motor Company with 
electrical energy at such a price that at 14d. per unit the total annual 
cost to the Company was only £2 12s. per I.H.P. The maximum 
power the Company required to drive their works was 330 I.H.P. 
This price of course compared most favourably with the cost per 
annum of an I.H.P., which it was usual to assume was £5 in Lan- 
cashire. He had pleasure in assuring the meeting that under such 
conditions 14d. per unit was a very satisfactory price to the power- 
station. He believed that 90 per cent. of the machine-shops in 
Lancashire would gladly accept such an offer. 

Some speakers seemed to think that if they took the I.H.P. of a 
mill engine and multiplied it by the working hours in a year, and then 
assumed that a Board of Trade unit was equal to 1} H.P., they would 
arrive at the number of units which would be used per annum by such 
a works. Assuming that 1 k.w. applied direct to the machine to be 
driven was equivalent to 2 I.H.P. generated in the basement, which 
was an assumption that even the most obstinate opponents must admit, 
at id. per unit, even multiplying by the whole number of working 
hours per annum, the equivalent cost per I.H-P. per annum was only 
£5, and there was thus found the whole saving effected by the fact 
that when a machine was not actually working it was costing nothing 
for power, and when it was working it was only consuming energy in 
proportion to the work it was doing. This saving of course varied 
according to the manufacture dealt with, but in practically every trade 
other than spinning and weaving it was not less than со per cent. 

Mr. Earle's average load-factor of 25 per cent. had been criticised. 
At Trafford Park the load-factor taken every week had never been 
below 40:3 per cent. There were about 15 consumers. They supplied 
the Ship Canal with 300 H.P. for various purposes, such as cranes, etc., 
in addition they supplied saw-mills and earthenware works, cable and 
machine works, and the explanation of the good load-factor was that 
their consumers found electricity on tap so convenient a source of 
power that they frequently ran machines, which were busy, for two 
shifts a day, a thing which would be uneconomical if they had to keep 
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an engine and boiler running to drive them. The Trafford Company 
received an average price of r'1d. per unit, and although their load was 
very small (1,000 I.H.P.), this price paid them very well indeed. 

With regard to the cost of production given in the paper, he (the 
speaker) thought there was only one item open to criticism, viz., the 
cost of coal. He doubted whether without recovering the by-products 
of the coal a unit could be produced for o'128d., which, at 7s. рег 
ton, equalled approximately 3 lbs. It would not seriously modify 
Mr. Earle's results if this amount were substantially increased. He did 
not, however, think that in power schemes of this description it should 
be forgotten that by employing Mond gas the ammonia could be 
recovered from the coal and be made to yield a very handsome profit. 
He (the speaker) had it on the highest authority that with sulphate of 
ammonia at its present price it was possible to sell Mond gas in large 
quantities at $d. per 1,000 cubic feet, which, properly applied, would 
give 10 H.P. for one hour. This was another argument in favour of 
large central stations, because to obtain such results it would be 
necessary to gasify a minimum of ten tons of fuel per hour con 
tinuously. 

Mr. Earle had overstated the load-factor derivable from tramways, 
but the paper dealt so ably with one of the most important problems 
of the future that the author may well be excused if he allowed one o 
two trivial errors to creep in. He thought that, taken all round, the 
estimates contained in the paper were most reasonable and likely of 
realisation in the near future. 

Mr. JOHN STURGEON said: Mr. Wordingham had had a good deal to 
say about so-called “fallacies” in Mr. Earle's paper. He should like to 
draw attention to one fallacy of Mr. Wordingham's into which even 
Mr. Earle seemed to have fallen, viz., that the 1,500,000 inhabitants of 
the towns given in the list on page 888already had a supply of electricity 
for power. They had nothing of the sort. Some few of them might 
have the benefit of a limited supplv for a few hair-brushing machine 
and the like, but nothing that could be described as even a limited 
supply for manufacturing purposes. When he, Mr. Sturgeon, was 
making investigations in the case of the Yorkshire scheme as to the 
number of power users and the amount of power demands in the 
district, all he could trace supplied direct by (for instance) the Leeds 
Corporation for power purposes was about 130 H.P., as against about 
5,000 Н.Р. in private electrical installations, so far as he was able to 
make out in the short time available, though probably a much large 
amount than 5,000 H.P. would on further investigation be found to be 
used by engineers, mill-owners, printers, and others in the town, who 
were supplying themselves from their own separate electrical plants at 
much less cost than the Corporation could produce it for. А glance at 
the load-factors of the towns named would be sufficient to prove this. 
An ordinary factory load was about 30 per cent., and the average com- 
bined load-factor of a number of factories would be much higher than 
that of any single factory. But Leeds had only 11:28 per cent. load- 
factor : this was obviously almost entirely for electric lighting. There was 
no margin there for any manufacturing load worth mentioning. Their 
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tramway load was not included in this, that being an absolutely separate 
department confined to the tramways alone, and not applied to manu- 
facturing or other purposes outside the tramways. The electrical 
supply of these large towns was almost entirely limited to lighting, and 
even then it only supplied a fraction of the 14 million of inhabitants, 
and at such high rates that only the wealthier ratepayers could avail 
themselves of it. | 

With regard to the load-factor at the generating station, he thought 
that Mr. Earle, in his desire to avoid over-estimating, had taken it 
exceedingly low, and that he had also underestimated the proportion 
of users of motors in allowing only 60 per cent. of the total load for 
motors, 15 for tramways, and so much as 25 per cent. of the total load 
for lighting. No doubt the result was good enough even on that basis, 
but it was much lower than it would work out. Within a radius of five 
miles from the Methley power station there were 75 collieries, which 
collieries were working night and day, but of course not alwavs con- 
tinuously, because now and then one colliery had its “play Monday,’ 
another its “ play Tuesday," and so on as the case might be. Still, 70 
per cent. might fairly be relied on as a load-factor for collieries about 
that district, and of course the combined load-factor at the generating 
station would, by the law of averages, come out much higher, and it was 
certain to increase by the introduction of improvements. Some might 
have seen in the Daily Mail that morning an account of the extent to 
which electrical coal-cutting machinery and other mining machinery 
worked electrically was being used abroad, and he believed there would 
be plenty of demand from the collieries alone within five miles south of 
Methley to absorb nearly the whole of the output of which the Methlev 
station would be capable. He felt confident that that station would 
produce a load-factor of not less than 70 per cent. even when watered 
down by the lighting load from local authorities ; Wath, which was in 
the centre of a rich colliery district, nearly the same ; Thornhill, which 
had 63 collieries within five miles radius, but more of ordinary factory 
load and some tramways, about 50 per cent.; and Bingley, which 
would be mostly factory and tramway load, about 35 per cent., and that 
Mr. Earle's estimate of 25 per cent. general load-factor might be safely 
doubled and still be on the safe side. It seemed to him that we were 
so much accustomed to lighting load in this country as to render it 
difficult to appreciate the effect of manufacturing loads, especially in 
colliery districts and where chemical industries were carried on, and so 
we kept continually harping on electric lighting results and overlooking 
the fact that this was a power supply scheme we were dealing with. 

With regard to the cost of laying mains, they could get way-leaves 
throughout the whole district along the canal towing-paths and railway 
embankments. The canal companies fought hard for them to have 
the right to supply them included in the Bill, and the railway 
companies also, and the cost of laying mains along towing paths and 
railways would be very small indeed, and greatly reduce the general 
average cost. 

With regard to the assertion that it would be impossible to get mill- 
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gated the amount of horse-power used at some of the mills, and came 
to the conclusion that, when they came to reckon up the intermittent 
work and the saving of power in driving shafting and cost of running 
the various small engines in the mill, they would find the actual H.P. 
in use might be reduced in most cases by almost one-half ; so that 
although the unit H.P. might cost more on the electric system, yet the 
total amount of H.P. required was so much less and the collateral 
advantages so great (such as saving in space, absence of smoke, power 
always ready to be switched on or off as required, etc.) that it would 
pay the mill-owner well to employ it. Besides, the price came down 
according to the quantity used, on the sliding scale, and in large mills 
using large quantities it would be much less than та. per unit. 

He hoped that Mr. Earle would enlarge his paper as he had 
suggested, and publish it. He was certain it would prove most valuable 
to the promoters of other similar schemes. 

Mr. PooLEYv said: He would like to make a few remarks with 
reference to the question of dielectric strength and the Board of Trade 
regulations with regard to it. Experience had shown that, especially 
on high voltage, the Board of Trade regulation thickness is excessive. 
In proof of this he would draw attention to the smaller of two large 
specimens on the table ; this sample was a 37/15 3-core cable built to 
Board of Trade regulations for 6,500 volts ; therefore, it had 175 mils. 
of insulation on each conductor (making 350 mils. between conductors) 
and 175 mils. overall (making 350 mils. between each conductor and 
the lead sheath). A 6-feet sample of this cable had been bent rounda 
drum only 9 inches in diameter, straightened out again three times, and 
generally ill-treated by being struck with sledge hammers, after which 
it was subjected to thirty thousand volts without failure. Another 
sample of the same cable, but without the ill-treatment test, could not 
be broken down with sixty thousand volts. He was quite satisfied that 
cable could be made for the same pressure, and to stand the necessary 
tests, having roo mils. on each conductor and 100 mils. overall, making 
200 mils. between live points; this would still give a very large factor 
of safety. 

Coming to the question of the relative cost of the two cables. On 
а 0'15 3-core cable for 6,500 volts and of the Board of Trade thickness, 
the cost is £730 per mile. A cable with similar conductors, with the 
thinner insulation referred to, would cost £595 per mile, which meant 
that, by adhering to Board of Trade regulations, consumers were 
paying on this size of cable 223 per cent. more than is necessary. 

He would like to mention a case of a test he made a short while 
ago, which would show what very high dielectric strength could be 
obtained with modern insulation. 

He had a o'15 single cable covered only with 9o mils. of dielectric: 
this cable stood several applications of 60,000 volts, finally breaking 
down at about 55,000 volts. Of course, it would not be advisable to 
reduce the diclectric thickness at the expense of mechanical strength. 
but the ill-usage tests now specified, of which the one he had men- 
tioned was a very severe example, might be relied upon to discover 
any weakness in that direction. The bending test referred to, and also 
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those mentioned by Mr. Fawcus, showed what a large margin of safety 
there was. He thought makers might generally be relied upon not to 
run risks in this direction. One disadvantage of the reduced distance 
between conductors would be the consequent increase of the electro- 
static capacity. This, however, was not of much importance, so long 
as that of all the cores was kept equal, except at times when the cable 
was lightly loaded. 

Mr. Earle had said that exact information as to the heating of the 
cable did not appear to be available ; this was true, but it had been 
deduced from actual tests made on rubber cables, that on a o'15 cable 
1,000 amperes per square inch would not raise the temperature more 
than 10° F. It had also to be considered that it was very rarely that a 
cable was fully loaded for any length of time. He did not think that 
there was any fear of damage being done bv overheating at that 
current density. 

The Board of Trade regulations with regard to laying these extra 
high-tension cables seemed to have been drawn up with an idea of 
making as thoroughly good a job as possible without sparing expense. 
At first sight it seemed rather strange to have an armoured cable laid 
solid in iron troughing, but an advantage of this method of laying 
was that the armouring, which was electrically connected to the iron 
troughing, made any fault which occurred distinctly a local one. In 
case of a blow-out, too, there would be none of the spluttering and 
burning that there would be if the lead were the only earth. In 
country districts, however, he thought a large saving might be made 
by laying cables with a specially good armouring such as “lock 
armour," a sample of which was on the table, direct in the ground, as 
a fault there would not cause much disturbance to traffic or danger to 
life, as it would in town strects. A saving for о15 cable laid direct in 
the ground with special armour over the same cable with ordinary 
armour laid solid, would be £265 per mile. 

Mr. H. A. EaRLE, in reply (communicated): One of the most sur- 
prising features in the discussion which has taken place is the diver- 
gency of opinion that has been expressed, but I feel convinced that if 
those who have adversely criticised the future of the large power 
companies, give the matter fuller consideration, they would be inclined 
to modify their views. In my reply I may hope to induce them to 
entertain more favourable opinions, for I trust I shall be able to make 
several points clearer than it was possible to do in the permissible 
length of a paper. 

There is one statement which has been made before the Parlia- 
mentary Committee, in connection with the Lancashire Power Bill, 
with regard to the cost of carrying coal versus the cost of transmitting 
energy electrically. It has no great bearing on the subject as a whole, 
for the problem, if considered commercially, becomes insignificant of 
itself, but I have given the figures, and Mr. Wordingham has replied. 
The statement, however, as it stands, is misleading, and the point 
requires further explanation. Taking his printed evidence, it is stated 
that when transmitting 1,000 k.w. 25 miles, with mains costing £1,800 
per mile, and with a 25 per cent. load-factor, the interest charges alone 
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on the cables equal 0'49 pence per unit, and that the cost of carrying 
fuel equals 0059 pence. On working out these figures I was surprised 
to find that the figure 0'49 represented то per cent. on the assumed 
cost of the cables. Mr. Wordingham has, however, corrected the error, 
and has explained that this should be divided into two items, namely, 
5 per cent. for interest and 5 per cent. for depreciation. The question 
of sinking fund is not involved in this case. I cannot, however, agree 
to the amount of 5 per cent. for depreciation without further sub- 
division of the item, and taking the figures in my paper the items are 
as follows :— 


43 per cent. Interest 


21 , „ Depreciation. 
14 , , Repairs. 

i , ,  Superintendence. 
9 per cent. 


Again, for his comparison the cost of the mains are taken at £1,800 per 
mile, and the distance to which the power has to be transmitted at 
25 miles; these are figures which do not put the problem fairly before 
us. I adhere to my figure of £1,000 per mile for the mains, and 
Io miles as the probable maximum distance the power companies will 
arrange to transmit from their stations, I note that Mr. Wordingham 
has taken in his calculations a density in the mains of 600 amperes per 
square inch, which he probably considered desirable on account of the 
long distance he had assumed for transmission, but I consider this 
density too low for economical working, and the higher density is more 
suitable. Again, I asked Mr. Wordingham what weight of coal he һай 
taken per kilowatt-hour, and he replied that the more he had taken the 
better for my case. To this I reply that the less he has taken the better 
for his, and from his figures we find the following :— 


Cost of carriage :— 


25 pence at 1d. per mile. 
6 pence terminal charge. 
I2 pence cartage from station. 


43 pence per ton. 


1,000 Клу. with 25 per cent. load-factor equals 2,190,000 units per annum, 


and 2. X “050 = 3°07 lbs. of coal per unit. | 
Such a result is not obtained by any supply in the country. It can 


be attained with large plants on a six-hours full-load run ; but the fuel 
consumption, taking coal at 105. per ton at the station, if worked out 
from the published costs for 1900 for the following towns, 15 35 
below :— 
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| „Соз! of Coal Or Ibs. per Unit — | 
"ihe published Lbe per Unit sold, | „generated, ы 
Manchester .. 0°44 | 82 | 6:56 
Huddersfield — ... 0°46 | 8:50 | 6:87 
St. Helens el 95 | 9'33 | 747 
Liverpool = 0°6 | 11'2 8:96 | 
| Bolton >... % 0°77 | | 


1437 | 1155 


ы ee, ey ENS 


I find that these figures, owing chiefly to traction loads and better 
load-factors, have been since reduced, and below I give the figures that 
have been sent me for 19or. Some of the figures were for units sold 
and some for units generated ; the proportion of units sold to generated 
has been taken at 80 per cent. 


| | Price of Coal Cost per Unit. Lbs. per Unit. | 
| ton _ n Le 
| delivered at 
| the Station. | Generated. Sold. Generated. | Sold. 


St. Helens | I2s. 3d. 0'35 0'438 | 533 | 6:66 
Liverpool sai | 115. од. 0°399 | 0499 68 8:5 
Central London... 70 | 

Bolton | 8s. 4d. 0'4 о5 до | 11'25 


We therefore see that Mr. Wordingham’s weight of fuel has to be 
multiplied by two or three for a large town, and it would have to be 
increased four times for one by no means small. Whatever the fuel 
consumption at the generating stations of the large power companies 
may be, the real point at issue is, the consumption at the smaller 
centres to which power is to be transmitted, and this, based upon the 
results which have been obtained, cannot be taken at less than то lbs, 
per k.w. 

Basing the case upon the figures I have given, and assuming that 
2,190,000 units per annum are transmitted 10 miles, we find :— 


10 miles of mains @ £1,000 per mile = {£10,000 @ 9% = ооо. 
The total lost units = 414 for то miles per day x 365 
days == per annum 151,110 units. 
Cost of generation @ o'4d. per unit == cost lost units £251 175. od. 
Total cost of transmission ... ios $2 "T f£ 1,151 17s. od. 
ог 0'126 pence per unit. 
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Taking the fuel consumption @ то 165. per unit, 
КПА bag 9,777 tons. 
2240 : 
Cost of carriage оп coal (то miles) (а 28d. per ton = £1,140 13s. od. 
ог 0'125 pence per unit. 
Showing the cost to be practically identical. 


There is one other statement made by Mr. Wordingham which 
requires a reply. He quotes a figure which I gave of о'2д. per unit, 
and compares this with a figure of his own of o'o25d. per unit, conclud- 
ing from his comparison that electrical transmission cost eight times 
the carriage of coal. In order to ascertain how the o'o25d. per unit 
(cost of carrying coal) is arrived at—for it is not my figure—I have 
again assumed energy transmitted 10 miles, carriage and terminal 
charges costing as per Mr. Wordingham's figures 28 pence per ton, 
and based upon his figure of оо25 pence per unit, I find that this 
represents a fuel comsumption of 2 lbs. per unit. This last figure he 
has since informed me is based upon the assumption that gas engines 
аге used. With regard to my figure of 02 pence per unit, I have stated 
exactly what this is, and it is quite evident that if any undertaker or 
customer situated 1o miles away can generate electricity at a price not 
exceeding 072 of a penny above that at which the large power companies 
can generate it, he will be in a position to consider whether he should 
spend his own money. It, however, appears to me that the advantage 
to the public will be such that they will be able to obtain power from 
the company at a rate considerably less than that at which municipal 
authorities and lighting companies are able or willing to supply their 
customers. 

Respecting Mr. Wordingham's remarks on the term “Supply in 
bulk," which he considers misleading, as it tends to intimate that the 
power companies can work more cheaply on account of the responsi- 
bility of distribution being shifted to other hands, I cannot agree with 
him if he contends that costs are not reduced by generating on a large 
scale, and that small towns cannot be more cheaply supplied from one 
central station than if each had its own centre ; for we have only to 
look at the published returns to convince ourselves to the contrary. 
He also considers that, owing to their number, if the small towns are 
supplied, the sub-station charges will be considerably increased ; but this 
is not necessarily the case. The small towns must build their own 
distributing centre, and lay their own mains, and arrangements can be 
made by which the machinery for conversion is located in the same 
building and looked after by one staff, thereby tending to reduce costs 
rather than to increase them. The same remark also applies to the 
tramway companies, who will do their own distribution and supply 
their own boosters. Mr. Wordingham's comparison of the relative 
merits of water-power abroad, versus coal at home, is one with which 
I quite agree, but I have not endeavoured to compare them in my 
paper. I have considered the English power schemes upon their own 
merits, and practically the whole of my paper is given up to the con- 
sideration of their economical feasibility. 
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The figures given by Mr. Mountain for the output at Huddersfield 
are later than the last published returns, and the large yearly increases 
show the continual development of electrical supply, and are a good 
augury for the future of the power companies. Mr. Mountain's 
sub-division of the inhabitants of the district in no way affect their 
number. He also considers that I have not allowed for sufficient 
spare plant in my estimates, but as I have included machinery for 
120,000 H.P. with a maximum demand of 100,000 H.P. this seems to 
me ample, whether the generators be of two types or one. I have also 
included 20 per cent. for spare plant at the sub-stations. 

With regard to the estimate of the horse-power in use in the York- 
shire Power Companies area, the figure given in parliamentary evidence 
is not of much moment, and was only quoted in this paper to demon- 
strate that even 5 per cent. of the estimated figure would fully load up 
the four power stations without taking any account whatever of the 
supply for tramways, light railways, aud lighting. 

With regard to the figure I have given for coal, viz., o'128d. per 
unit, Mr. Clirehugh suggests that this is rather low, as he points out 
that it represents 3 165. per unit at 7s. per ton. In my calculations I 
have taken 6 lbs. per unit generated with coal at 4s. per ton at the pit, 
at which price it can be obtained. It is interesting to note the different 
figures taken, and we find that Mr. Mountain, to prove the case of the 
Local Authority and the inability of the Power Company to supply mill- 
owners, takes 5 Ibs. per unit and slack at 3s. per ton. If, however, he 
were to work out the cost to the mill-owner per unit generated, he would 
find that there is much to add to the о'оба., which he gives as the cost 
of carriage of coal, and from which he draws his comparison. I should 
certainly advise Dr. Panton and Mr. Mountain carefully to consider 
what Mr. Highfield has told us, for here we find the St. Helen’s 
Corporation carting coal from the colliery and sending it back to the 
colliery in the form of electrical energy and saving them four-fifths of 
their previous expenditure. 

The load-factor taken of 25 per cent. is another point upon which 
some have agreed, while others have not. Mr. Clirehugh, Mr. Fawcus, 
Mr. Highfield, and Mr. Sturgeon have accepted it as reasonable, while 
Dr. Panton and Mr. Taite take the opposite view. There are, however, 
towns with a load-factor of over 20 per cent., while many nearly 
reach that figure, and it is not too much to expect that with a cheap 
supply for motive-power the figure I have named will be reached. 
Exception has been taken to the load-factor of 50 per cent. which I 
have assumed for tramways and light railways; this is no doubt 
somewhat high in comparison with present-day results, but it occurred 
to me that as these undertakings would be charged in accordance with 
their load-factor, which is not the present case with municipal tramways, 
it would be well worth their while to install floating batteries and 
improve their factor. This problem has, I understand, been worked 
out and shows the advantage I have indicated. Mr. Sturgeon’s forecast 
of the load-factor, though based upon considerable experience, 1s, 
perhaps, somewhat too sanguine, but based upon the results at Trafford 
Park it is not impossible. The power companies will have means.at 
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their disposal for improving their load-factor, namely, by running their 
night load from one station, and during the day by distributing it in 
the most economical manner, for the trunk mains can be conveniently 
linked through the outlying sub-stations, and the load distributed as 
desired. | 

Mr. Shaw congratulates me upon having become a disciple to 
multiphase current, and intimates that I was antagonistic to it a year 
ago. He is, however, speaking from memory and it has betrayed bim. 
With regard to this question, Prof. Silvanus Thompson, during the dis- 
cussion (March, 1901) on Mr. Eborall’s paper relative to three-phase 
and direct current systems, said, “I know it is an old question and а 
sore question. It is a question which we have discussed here, and a 
question which our Manchester friends have discussed in their own 
way. They have come to a somewhat surprising conclusion, or perhaps 
a conclusion not surprising at all if they have got such extraordinary 
ideas as to suppose that continuous-current motors are either lighter, 
more regular in speed, more efficient or more cheaply made than three- 
phase machines. If they put their heads in the sand and choose to start 
an argument by the assumption that these things are so, then of course 
they will come to the conclusion that it is better to work with con- 
tinuous current ; but if their premises are unsound, the arguments are 
absolutely baseless." I wish to take this opportunity of answering 
Prof. Thompson. In the first place there can be no doubt whose head 
is in the sand, for he received a copy of my paper read in November, 
1900, and he has not even done me the justice to read it carefully, for 
he has not quoted me correctly, and at the same time has misrepre- 
sented me. In the first place, I did not say that direct-current motors 
were lighter than polyphase. I said, “ Respecting the weights of the 
two types of motors, the polyphase type, with squirrel-cage rotor, is 
considerably lighter, and some 5 per cent. cheaper, and that three- 
phase motors of 50 to 100 H.P. with wound rotors weighed about the 
same as direct-current motors, and that for large motors quotations 
from abroad showed on the basis of our own selling price то per cent. 
in favour of direct-current motors." With regard to efficiency, I do 
not agree with him, for direct-current motors are more efficient. ! 
gave the figures, and adhere to them. With regard to regularity of 
speed, I would refer him to what I said. In further reply to Mr. Shaw, 
my statement of eighteen months ago was, “The polyphase system i5 
at the present time the most satisfactory solution of long-distance 
transmission, and will be utilised more and more to transmit large 
powers into the centre of towns, and to cope with the many difficulties 
which present themselves.” 

As to Mr. Fawcus's and Mr. Pooley's remarks respecting the cables, 
the results of the tests which have been made are most valuable, aad 
any reduction in insulation would tend considerably to reduce the price 
of £1,000 per mile laid; but with regard to the thickness of insulation 
fixed by the Board of Trade, it appears to me that the question of the 
mechanical strength of the covering must be carefully considered, 25 
well as its insulating properties, for should a power company have laid 
cables representing a sum of some three-quarters of a million, it would be 


1902. | ELECTRICITY IN BULK: DISCUSSION. 923 


disastrous to the enterprise if trouble should be afterwards experienced. 
There is a possibility, however, that in some of the across-country 
mains they can with advantage as regards expenditure be laid direct in 
the ground without cast-iron troughing, or bitumen ; this would effect 
a large saving, probably of some 15 per cent., and is well worth con- 
sideration, . 

Dr. Panton has referred to the Berlin undertakings, but he does not 
give particulars of the load-factor, nor of the proportionate amount of 
energy supplied for lighting and power. Their custom is, without 
doubt, chiefly one for lighting, as their high rate of charge indicates. 
Dr. Panton asks what is the '' bed rock” price at which customers can 
be supplied : this very largely depends upon the customer and his load- 
factor, and in the sliding scale I hold the distance of the customer from 
the generating station should be considered, for a large works built 
alongside the generating station would entail no expenditure for mains 
or conversion. I consider, however, that the power company could 
with profit supply a works having 30 per cent. load-factor at a price of, 
say, 0'9 of a penny per unit, whereas an electrolytic works built along- 
side the generating station could obtain current at about 0'35d., ог 
possibly a little less. 

Those who have joined in the discussion have referred to the ques- 
tion of gas for firing the boilers or for driving gas-engines, to overhead 
conductors, thinner insulation for the underground cables, and power 
supplied to electrolytic works at a high load-factor. It has been sug- 
gested that I might have considered these matters, and have pointed 
out their advantages. It is perhaps hardly necessary to say that these 
and many other matters passed through my mind while I was preparing 
my paper ; even now it has been called a dream, and if I had embodied 
all these items it would certainly have been a nightmare. In order 
that the financial consideration of the matter might stand upon as sound 
a basis as possible, I decided to adhere to the Board of Trade pre- 
cedents as regards underground cables and to omit overhead cables, 
and to let gas producers, gas-engines, and electrolytic works come as a 
bonne-bouche at a later period. 
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Delivered December 19, 19or. 
By Professor W. F. BARRETT, F.R.S. 


It seems to me that one of the most useful functions of a local section 
is to aim at doing what a local museum should do, viz., strive to collect 
and preserve and present to the public all that is of special local 
interest. We should aim at bringing before the public the electrical 
investigations or works accomplished in our locality, and further 
that we should keep in remembrance all local men who, in the past, 
have by their writings or discoveries or inventions contributed to the 
upbuilding of the science of electricity. I may return to this later on, 
but the point I wish to emphasise now is the importance of our 
encouraging and making known original research or inventive skill 
in our own locality. For the Institution of Electrical Engineers affords 
a striking illustration of the union of practical electricians and electrical 
engineers with the students of pure science. This is as it ought to be; 
for the progress of modern civilisation depends on the co-operation of 
those who are enlarging the boundaries of our knowledge with those 
who apply that knowledge to the material needs and the comforts and 
conveniences of our daily life. It is obvious—though our statesmen 
and mankind generally are slow to recognise the fact—that the 
wonderful and varied applications of electricity which have signalised 
the last fifty years are the outcome of, and dependent upon, scientific 
research. If a society or a nation does not encourage and honour 
such research, that society or nation is sure to fall into the background, 
and eventually be overthrown by those who are wiser and more far- 
seeing. When we go abroad (as Mr. Sheardown described at our last 
meeting) and see the magnificent institutions which exist, especially in 
Germany, Switzerland, and America, founded, equipped, and maintained 
by their respective Governments for the cultivation and diffusion of 
scientific knowledge, we are not surprised at the industrial and 
commercial progress those nations have made. Not long ago Lord 
Rosebery, in opening a technical college in England, stated that a 
friend of his went to Germany specially to investigate what was being 
done there, and, in Lord Rosebery’s words, he came back “ absolutely 
appalled by the progress made in the last twenty years by the Germans 
in technical and commercial education as compared with what was 
going on in England," and he urged, what has so often been urged 
by our leading scientific men, that a responsible council should be 
formed by our Government to advise them, on all matters respecting 
the progress of science and industry. We do not, however, need such a 
council to tell us, what any one can ascertain for himself, that the total 
amount of moral and material support given by the British nation, the 
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wealthiest in the world, towards the advancement of science and towards 
higher scientific and technical education in England is absolutely insigni- 
ficant compared with what is given in Germany or in the United States. 

Bad as the state of things is in England it is still worse in Ireland, 
for the total amount of funds annually provided by the Government for 
higher scientific and technical education in all Ireland is less than the 
individual income of many a professional man. The reason for this 
state of things is not far to seek. As a nation we have until lately 
adopted the principle of /aisser faire, the non-interference of Govern- 
ment in educational or other matters, which the individual is expected 
to provide for himself. But we have been compelled to abandon that 
attitude as regards primary education, for primary education is now 
provided by the State, and we shall be compelled to abandon it as 
regards at least one part of secondary education—that part involving 
the use of special appliances and costly equipment, which is beyond 
the means of an individual teacher or an unendowed college to provide. 
And it is because higher scientific technical training involves the use of 
well-equipped laboratories and ample space, in addition to skilled and 
enthusiastic teachers, that this branch of secondary education must be 
provided for by the municipality or the State. Hitherto this fact has 
hardly been recogniscd in our own country ; for the educational 
training of our rulers has been mostly at public schools and colleges 
where science is almost unknown, and hence the importance of this 
subject is ignored. 

No doubt the new Department which the Government have 
founded in Ireland, and of which I am an officer, realises the value of 
higher scientific education and will endeavour to remedy the evils of 
the past. But Governments and Government Departments are power- 
less unless they have an enlighted public opinion to sustain them ; and 
hence it is the duty of every good citizen of this country to inform his 
mind and exercise his judgment upon this great question ; and when 
he has done so let him strive to assist those who are administering a 
trust that may be of the utmost importance in the future in our land. 

And here let me say, as one who for over twenty-five years has 
been engaged in scientific teaching, and daily striving to wake the 
public out of their apathy on this question, that in my opinion the 
success of technical education, the benefit that it will confer on our 
country, will largely depend upon its working from above downwards 
and not from below upwards. I mean by that, that the establishment 
of evening scientific and technical schools throughout the country for 
the wage-paid classes, though a useful work, will not be of national value 
unless employers of labour, professional men, and directors of large 
industrial companies, and capitalists, first obtain a proper collegiate 
instruction in science and the applications of science to industrial 
pursuits. Тһе foundation for scientific and technical training is a 
good general education at school, and it is only those who have had 
such education that can take useful advantage of scientific teaching. 
Hence, in my opinion, we in Ireland should do what the Germans have 
done—viz., begin at the top of the scale and work downwards. Іп this 
opinion I am supported by one of the ablest Ministers in the present 
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Government—Mr. Hanbury, the President of the Board of Agriculture— 
who only a few days ago, in an address on Technical Education which 
he gave at Derby, stated “ That he believed that the advantage which 
the United States and Germany had over our own country was nol in 
the technical education of their working classes, but in the scientific and 
technical education of the great leaders of their commerce and 
industry ;" and he added, “England was far behind Germany and 
America in that respect, for a technical and commercial education 
must spread from the Тор to the bottom. Education must be instilled 
into our leading commercial men even up to the Universities them- 
selves. This is the reason," Mr. Hanbury further remarked, “ that in 
their technical schools in Great Britain they did not find those day 
scholars and advanced students which ought to be flocking into them." 
Now if this be true, and it certainly is true of Great Britain, how 
much more is it true of Ireland, which has hitherto suffered so much 
from the want of general education among the masses of the people. 
Flourishing industries used to exist in our midst which have now 
almost disappeared, unable to stand against the competition of the 
world. No doubt economic causes have been at work in this sad 
decline, but is not a contributory cause to be found in the want of that 
superior commercial and technical knowledge which can alone create 
skilled leaders and captains of industry. Where you find such men, 
you also find a flourishing industry, even in this country. Is there any 
valid reason why Dublin should not be as famous for its electrical 
enginecring workshops as Sir Howard Grubb and his father have made it 
famous for its astronomical works, or Messrs. Guinness for its porter? 
One valid reason, I believe, does exist, and it is one which ought not to 
exist. It is this : not a single chair of electrical engineering, nor even of 
mechanical engineering—and the two are inseparable —is to be found in 
the whole of Ireland. I trust our Parliamentary representatives will 
usc their influence speedily to remedy this grave defect in the higher 
scientific education of this country, a want that in season and out of 
season I have been drawing attention to for the last fifteen years. Iam 
well aware that holders of other chairs in our existing colleges do their 
best to meet this pressing need. But they have not the time nor the 
equipment nor the accommodation necessary for adequate instruction 
in these vast and important subjects. In England, and still more in 
the United States, private benefaction for educational purposes is 
much more common than in Ireland. Immense sums have been 
given by wealthy persons for higher scientific instruction in America, 
and the magnificent electrical enginecring laboratory in Owens College. 
Manchester, is the generous gift of the Hopkinsons. Would that somc 
of our wealthy men here would follow that example! Some person: 
are under the impression that large funds are at the disposal of this 
College ; this is the very reverse of the truth. The annual sum voted 
by Parliament for this, the only college in Ireland for scientific and 
higher technical training, remains at the same pitifully small and in- 
adequate figure which was given at the outset more than thirty year: 
ago, though the number of its students have increased fivefold and the 
cost of practical laboratory instruction has bcen added to everv chair. 
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I must apologise for referring to this matter, but I do so in order to 
show the need of more enlightened public opinion on scientific ques- 
tions and their bearing on the industrial development of our country. 
Before I pass from this subject let me say one word on behalf of 
that much-abused body, the Corporation of Dublin. To them bclong 
the credit of being the first municipal body in Ireland to open and 
maintain a technical school for both sexes, though they had not the 
Imperial funds at their disposal which the Technical Instruction Act 
gave to municipalities in Great Britain. The technical schools in 
Kevin Street, where one thousand evening students are enrolled, isa 
most admirable and efficient institution, and I am glad that I see before 
me several of its students in the electrical engineering classes which are 
so ably held there by my colleague, Mr. W. Brown. In connection 
with these technical schools we ought not to forget how much they 
owe to their first principal, Mr. W. V. Dixon, and also to the self- 
sacrificing devotion of Mr. Arnold Graves, the pioneer of technical 
schools in Ireland. 
Passing from this topic, on which I have dwelt longer than I 
intended, let me return to that subject which interests us in a special 
degree. As mankind have in the progress of the race passed through 
a “Stone Age," a “ Bronze Age,” and an “ Iron Age," ме аге certainly іп 
the midst of the “ Age of Electricity." It has become our great carrier, 
whether of news, or speech, or energy, or matter. Its applications 
meet us everywhere, even in the wilds of Siberia, for the first business 
in a new settlement, whether in the backwoods of America or Russia, 
appears to be an electric light installation. 
It seems almost incredible that the discovery of current electricity 
was only made a century ago; but so it is! And how remote 
from any idea of its commercial use, how entirely the result of 
pure scientific research that discovery was! The Italian savant 
Galvani's well-known experiments with frogs, and Volta's copper-zinc 
couple are about as far removed from our electric lighting or electric 
traction as anything can be. And so it was the work of the illustrious 
Faraday—I fear, though his name was Michael, we can't claim him as 
ап Irishman—Faraday’s imperishable researches in electricity—con- 
ducted in what was originally an underground kitchen in Albemarle 
Street, London—have, as we all know, led directly to all the modern 
developments of electricity ; without Faraday's discovery of magneto- 
electric induction we should have had no telephones, no dynamos, no 
electric lighting, nor electric traction. 
It has been my privilege to know many eminent scientific men from 

. the time of Wheatstone onwards, but none reached the simplicity and 
beauty of character nor the marvellous insight into nature possessed by 
this famous son of a journeyman blacksmith, Michael Faraday :— 


" His life was gentle and the elements so mixed in him, 
That Nature might stand up and say to all the world, 
This was a man." 


I saw him almost daily during the last few years of his life, and I recall, 
as if it were yesterday, the animation and delight with which he gave 
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me a small rod of iron, the size of a cedar pencil, which had that day 
been melted by a Wilde's machine, the first powerful current obtained 
through his discovery of magneto-electricity. 

[Portraits of Galvani, Volta, and Faraday, and of their respective 
laboratories were here thrown on the screen.] 

I have referred to Faraday and the beginnings of modern electrical 
development to illustrate how scientific progress depends on original 
research in the laboratory, and also to point out that itis by exceptional 
men like Faraday, Clerk Maxwell, Lord Kelvin, Helmholtz, and others 
that higher levels are reached by the human race as a whole. If there 
had been time I should like to have shown the large share in this 
intellectual and scientific progress which is due to eminent Irishmen, 
including in this term men of Irish ancestry. But this I cannot do 
to-night, and will only mention one or two facts in this connection. 
That remarkable man, the Hon. Robert Boyle, who laid the foundation 
of our modern methods of experimental research, and was one of thc 
founders of the Royal Society of London, was born at Lismore Castle 
іп the county Waterford in 1627. Boyle's experiments on electricity 
were among the first ever published ; his industry was amazing, and his 
open-minded and fearless pursuit of truth for its own sake is an example 
to all generations ; he did not fear being laughed at in his quest for 
natural knowledge, and in this he teaches a salutary lesson to those who 
fear to go outside the fashionable materialistic philosophy of their day. 

[Reference was then made to the work of Dr. Callan at Maynooth in 
the past generation, and to the excellent researches on the theory of 
contact electricity made by Mr. J. Brown, of Belfast, in the present 
generation. Lantern slides were shown of various pieces of electrical 
apparatus designed by Mr. Brown. Professor Barrett then exhibited 
the phenomena of the anomalous contraction of iron in heating and 
expansion on cooling at the critical temperature, and showed these 
experiments, and also his discovery of recalescence on a large scale. 
He then continued] :— 

We live in a country the most important industry of which is 
agriculture, and it would be an appropriate and valuable undertaking if 
some members of our section were to devote their time to the applica 
tion of electricity to agriculture. On the Continent and in America 
agricultural operations on a large scale are often carried out by 
electric motors ; the stores of water-power we possess might in cer 
tain districts be utilised for this purpose. "The valuable statistics of the 
available water-power in Ireland, given in Sir Robert Kane's Industria! 
Resources of Ireland, need to be revised and brought down to date.' 
Why should not electro-chemical industries be established in this 
country wherever considerable water-power is available, as well as in 
the Highlands of Scotland or of Norway ? 

If this be impracticable, there are other applications of electricity 
to agriculture. All electricians engaged in line testing know how 
much the resistance of the carth varies in different places and in different 
seasons, and what an important element this is in dealing with the 


! See on this subject an admirable paper by Mr. Tatlow read at the 
Dublin Section since this address was delivered. 
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return current ; the electrolytic action set up by heavy currents and the 
damage done to the rails or service pipes in part depending on the 
nature of this resistance. Dry earth is almost an insulator, wet earth 
is a very fair conductor ; clay with 6 per cent. moisture averages about 
50 ohms per cubic yard, certain soils when saturated with salt water 
fall as low as 1 ohm per cubic yard. So that the resistance of the 
earth ranges from 1 ohm to about a megohm per cubic yard. 

Now this variation of resistance can be employed to ascertain the 
amount of moisture in a given soil. As different plants require different 
amounts of moisture for their healthy growth, and as the amount of 
water required varies according to the stage of growth of the plant, a 
knowledge of the humidity of the soil is a very important factor in 
agricultural and climatological investigation. I am indebted to my 
friend, Mr. J. R. Kilroe, of the Irish Geological Survey, for drawing my 
attention to the fact that the United States Department of Agriculture 
have for some time past employed with great success electrical methods 
for determining the moisture in different soils. In the Year Book of 
Agriculture, issued by the United States Government for 1898, it is 
stated that sixteen stations have been equipped with electrical measuring 
instruments for determining the humidity of the soil in different places, 
and in the same place at different seasons. Pairs of carbon electrodes 
are buried at different depths in the ground, and to avoid their polari- 
sation an alternating current is employed ; to compensate for changes 
of resistance due to temperature alone, what is called a “ temperature 
cell” is included in the circuit. In a given soil the resistance varies 
in some inverse ralio to the water content in the soil, and a simple 
rcference table enables the observer at once to deduce the quantity of 
water in the soil from the resistance, the standardisation of the 
apparatus for the particular locality having first been made. The 
secretary of the United States Department of Agriculture states that the 
result of these electrical records has proved of great value in soil 
investigation, and is likely to be of considerable practical and com- 
mercial importance to farmers. One great advantage of this method 
being that as the electrodes remain undisturbed—merely a lead-covered 
cable appearing above the ground—the fields can thus be cultivated 
and cropped as usual without any interruption of farming operations— 
in fact the wires may be laid to a central recording station. 

It is obvious that a very simple apparatus might be devised which 
would enable any farmer to make use of this method. For instance, 
the resistance might be found by a telephone ; and if the soil resistance 
is balanced against a known resistance, all the farmer would have to do 
would be to shift a handle till he heard no sound in the telephone, and 
then read off directly, on a calibrated scale, the amount of water per 
cubic foot in the soil. 

A similar method can be used for finding the relative amount of 
salts in any soil. This has successfully been tried by the United States 
Department of Agriculture. A sample of the soil at a given depth is 
taken, dried, and then mixed with a known quantity of water ; it 1s 
now packed in an ebonite trough with electrodes at a definite distance, 
an alternating current transmitted and the resistance measured, the 
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temperature being noted. An equal volume of this soil is then mixed 
with a known quantity of the sa/f, plus the same water, and the resist- 
ance again found. In this way, as the added salt lowers the resistance, 
a very sensitive and accurate measure is made of the percentage of 
salt present. When the salts in a soil are of the same kind, this 
method is found very valuable, but of course it is inapplicable where 
a great mixture of salts occurs in the soil. As these electrodes can be 
placed by means of small drill holes at any depth below the surface, it 
is obvious that we have here a method of making an underground 
survey of the soil at different levels—a matter of very great importance 
when alkali works exist in salt-bearing regions. 

The temperature variations of the surface soil and the conditions 
which favour warmth, are also found by noting the varying electrical 
resistance of a buried coil of wire; these methods have all been recently 
worked out for agriculturists by Mr. Lyman Briggs, the physicist to 
the U.S. Department of Agriculture. 

Another application of this method of measuring the resistance of 
the earth in different localities has occurred to me, and, as soon as time 
permits, I will endeavour to ascertain if it be practicable. This is the 
location of underground water for the purpose of comparatively shallow 

‘or surface wells. The location of large water supplies, and deep 
artesian wells, we must leave to the geologist. But in certain districts 
where rock fissures exist below the surface, or a narrow bed of sand or 
gravel, or other permeable stratum of small width occurs beneath an 
impermeable layer of clay, water is usually found traversing these 
underground channels, and its exact position is difficult to locate with- 
out numerous and expensive borings, or having resort to the very un- 
scientific, but nevertheless practically useful, water-finder or “ dowser," 
as he is called in the South of England. It seems to me we might all 
become “dowsers” if we drove metallic rods, armed with a sharp spike, 
deeply into the ground, and tested the conductivity of the soil inter- 
vening between different pairs of electrodes, all at the same depth and 
the same distance apart. We certainly ought to obtain considerably 
greater conductivity in the direction in which the permeable water- 
bearing stratum lay, and thus could ascertain its approximate position 
and depth below the surface. If this be so, its immense practical 
importance is obvious to those who have had the misfortune to sink 
numerous wells without getting any water. 

Again, might it not be possible to utilise a knowledge of the different 
conductivity of the ground in metalliferous regions? Underground 
electrodes might lead us to ascertain the direction of profitable veins 
of ore from the greater conductivity of the metallic lodes.' 

Why should not we adopt similar methods as regards agriculture in 
this country? Let us hope the attention of the Department of Agri- 
culture in our own country will be directed to this matter. 


* Since the above was written, I have been informed that an American 
company, called the “ Electro-Geodetic Mineral Finder," has been formed to 
exploit an instrument which carries the above idea into practice. The presi- 
dent of a mining company in California states that he has used this method 
with remarkable success: in a few days “it has done more than a year’s 
prospecting could have done.” 
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There is another application of electricity to agriculture which, if it 
be established, is even more important, though at present the statements 
made need further confirmation. I refer to the effect of electricity on 
the growth of plants, on the germination of seeds, and on the general 
health of a plant. I propose to bring before this section at some 
future time, if all be well, the results of my inquiries on this important 
question. At present I will only make a brief reference to this subject. 

One of the most common popular delusions is to ascribe everything 
that cannot readily be explained, or which seems mysterious, to electricity. 
At the present day, among the uneducated, electricity has taken the 
place of mumbo-jumbo, a kind of god behind the scenes, whose way- 
ward freaks account for everything that happens out of the common. 
Whether it be a boiler explosion, or table-turning, or water-finding, it 
is sure to be electricity. Every scientific man, however, knows that in 
99/ xooths of these cases, whatever be the explanation, weare sure it is лог 
due to the thing we call electricity. Hence a very natural incredulity 
exists among all electricians when they hear, as we do from time to 
time, of wonderful effects being produced on the growth of plants 
(generally potatoes) and their power of resisting disease, produced by 
the electrification of the air or the soil. Though reports of this kind go 
back more than 150 years, I paid small attention to them until an old 
student of mine, an able physicist, Dr. Cook (lecturer on physics at the 
Merchant Venturers College, Bristol), read a paper on the subject at 
the British Association Meeting in 1898, and sent me a report of his 
numerous and carefully conducted experiments. These experiments 
undoubtedly appear to establish the fact that the germination of seeds 
and the growth of plants can be accelerated by proper electrification 
of the air or soil around them. 

Apparently unaware of Dr. Cook's investigation, the late President of 
the Institution of Electrical Engineers, Professor Perry, in an article in 
Nature last year,’ drew attention to the researches of an eminent German 
physician, Dr. Schliep, on the effect of atmospheric electricity on 
animal and vegetable life. As regards human beings Dr. Schliep found 
that negative electrification of the atmosphere was usually accompanied 
by unhealthy symptoms ; fatigue, lassitude, loss of tone, weariness with- 
out obvious cause—and even certain forms of disease were found 
prevalent with negative electrification—which in general was unfavour- 
able to healthy animal tissue change. According to Dr. Schliep, the 
decomposition of meat and bad smells from drains were another symp- 
tom of negative electrification. On plant life what injuriously affects us 
seems favourably to affect them ; negative electrification promoted tissue 
change in vegetation and promoted the growth of plants. Professor 
Perry appears to think these conclusions at which Dr. Schliep has 
arrived are worthy of credence after a personal interview with the 
doctor. But neither Dr. Schliep nor Professor Perry appear to be 
aware of the body of literature there is on the effect of electricity on 
vegetation—a literature which includes reports of experiments by some 
of the very ablest English and Continental men of science during the 


! See Nature, March 15, 1900, p. 471. 
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last 150 years. The results of these experiments are singularly con- 
flicting, but a closer scrutiny reveals the fact that those experimenters 
whom we must regard as most trustworthy, such as the Abbe Nollet 
in 1750, M. Bertholon in 1783, Sir Humphrey Davy in 1810, M. Ed. 
Becquerel in 1830, and in more recent times, M. Paulin, director of the 
Agricultural College at Beauvais, M. Barrat, M. Spechnew in Russia, 
Professor Lemstróm of Helsingfors, and M. E. Berthelot, are all agreed 
on the remarkable results which, under certain conditions, can be 
attained by the electrification of the air or soil around plants. A com- 
mon method of experiment, going back over a century, but published 
as new every few years, is to erect a series of lightning conductors on 
insulated supports, and connect the lower terminals with a series of 
parallel wires traversing the soil or air around the crops. Comparative 
experiments on various crops grown in exactly similar ground, with 
and without the wires, were recently made by Dr. Cook in Bristol, and 
the results were striking enough: those with wires yielding earlier 
and larger crops; potatoes profiting the most. 

Here, in Ireland, Mr. Martin O'Sullivan, the school teacher at Athca, 
in co. Limerick, has tried similar experiments in entire ignorance of 
any work that had been done elsewhere, and though Mr. O'Sullivans 
notions of electricity and the way it affects his crops are very crude, vet 
some of his results seem to have been carefully arrived at, and are in 
accordance with exactly similar experiments in France, Germany, Russia, 
Finland, and England. Mr. O'Sullivan,—like M. Paulin in France, 
M. Spechnew in Russia, and Dr. Cook in England, —made comparative 
experiments on the yield of potatoes planted in exactly similar plots 
of ground ; in one case the plots had wires traversing them, the wires 
being connected to a series of vertical metallic conductors, supported 
by upright stakes some 7 feet high, whereas the adjoining plots had no 
wires nor stakes. The county surveyor of Limerick, Mr. J. Horan, in 
1899, tested the result, and found that the yield within the protected, 
or wired, area was surprisingly larger than within the unprotected area. 
This result was confirmed in the present year by one of my students, 
Mr. M'Lurg, who visited the place and tested the results of another 
years crop. М. Paulin at Beauvais, who used a vertical conductor 
some 25 feet high, found the yield of potatoes nearly a third greater 
in the protected than in the unprotected area,—91 kilos. to 63 kilos. 

A рпта-јасте case thus appears to be made out, and I am glad to 
know that comparative experiments of a similar character have recently 
been made here in Dublin under competent supervision. But a trained 
physicist, as well as an agriculturist or botanist, must take part in these 
experiments, or the conclusions will be open to doubt. We ought to 
remember Sir John Herschel's remarks in his discourse on Natural 
Philosophy, that “the man of science should hope all things not impos- 
sible, believe all things not improbable." 


1 Professor Lemstróm states, in a paper read before the British Association 
(sce B.A. Report for 1898, p. 808), that extensive experiments he made in 1897 
showed that electrification increased the yield of many crops and fruits 
from 40 to 75 per cent. ; he thinks the result may be due to the formation of 
nitric oxides or ozone, or the more rapid ascent of juices in the capillaries 
of plants caused by electrification. 
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ORIGINAL COMMUNICATIONS. 


A GENERAL FORMULA FOR REGULAR ARMA- 
TURE WINDINGS. 


By DAVID ROBERTSON, B.Sc., Associate. 


Explanation of Terms.—When the winding of an armature ts 
traced out, the various conductors and end conncctors are taken in a 
definite order, and it will gencrally be found after performing a certain 
number of connections that we commence a new series identical with 
the first, and that this series is repeated over and over again a complete 
number of times to make the whole winding. Such a winding is a 
regular winding, and the series of connections which is repeated over 
and over again will be called a cycle of connections. 

A winding is re-entrant if it come back to the starting point and 
is then complete. An armature may consist of one, two, or more 
windings, each re-entrant on itself, and each independent of the others. 
It may therefore be singly, doubly, triply, &c., re-entrant. 

An armature with re-entrant windings is often called а closed-coil 
armature. 

Each cycle of connections is made up of one or more contiguous 
spirals, or sets of contiguous spirals, and each spiral consists of a conductor 
going down from the front end, one coming пр from the back, and the 
necessary end connectors. 

One set of spirals will thus have two groups of conductors, one group 
in which the current goes down, and another in which it comes up. 
Down and up are employed with the meanings “from the commutator 
end” and “to the commutator end,” respectively. The commutator 
end is termed the fron! end, and the other the back. If there is no 
commutator at all, or a commutator at each end, then we may call 
either end the front, and the other the back. 

In most cases a cycle has only one set of spirals, or two groups of 
conductors. This would be a 2-group cycle. In other cases there may 
be two or more sets of spirals in each cycle, giving a 4-group, or a mulli- 
group cycle. 

The number of conductors in each group is in general the same as 
the number of spirals in a set. In large machines there is often only 
one spiral in а set, and consequently only one conductor in the “ group." 
In such a case, the term “conductor” might be substituted, but it is 
convenient to include this special case in the general term “ group," so 


1 А few writers use the term “ re-entrant" in another sense. For instance, 
Sheldon and Mason, in their Dynamo Electric Machinery (London: Crosby, 
Lockwood & Co., 1901, p. 46), take the re-entrancy as being the number of 
times we must go round the armature in tracing out the whole winding. 
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as to allow one term to be applied to all cases, and thus make the state- 
ments perfectly general. 

A group thus consists of the one, two, three, or more conductors 
close together on the armature, which are taken altogether as a unit in 
dealing with the numerical properties of the winding, and the whole 
group is to have one distinctive number. 

In going from one group of conductors to another through the end 
connectors we pass over a certain number of groups. This number, 
including the one we go to, but not the one we leave, is the pitch of the 
connectors. The front pilch is the pitch at the front end, and the back 
pitch that at the back. These arc often different, and there may be 
more than one of each in a cycle. When the group contains more 
than one conductor, it is to be understood that the several conductors 
in the two groups united by the back pitch are to be joined in series to 
form a coil, and the two ends of this coil are to come out at 
the front, and are to be treated as the front ends of their respective 
groups. 

The part of the winding included between one segment of the 
commutator and the next in the order of winding, not necessarily an 
adjacent one, will be called a sec/ion.* The number of sections is thus 
generally the same as the number of commutator segments. In 
alternators, which have no commutator, this naine is often applied to 
that part of the winding which is made up as onc coil. In continuous 
current machines the sections are usually all alike, and as a general 
rule a commutator segment comes in at the end of each separate 
cycle. 

In what follows it will be supposed that we are dealing with 
сіовса-сой commutating machines except when the contrary is 
expressed. 

The pole pitch is the distance from the centre line of one pole to that 
of the next. It may be expressed in terms of the average circumferen- 
tial space occupied by one group of conductors by taking it as the total 
number of groups divided by the number of poles. This unit will be 
referred to as the group-space. 

The fole span is the actual part of the pole pitch subtended by the 
poles, and it may be expressed in a similar way. 

In going from one section to another through the winding, we pass 
a certain distance round the armature. This, which may be expressed 
in terms of the average group-space, is the travel. 

The travel consists of two parts: first there is a motion from pole to 
pole equal to the pole pitch or a multiple of it, and then there is a 
motion across the pole pitch. The latter is the creep. The creep for 
one section is thus the difference of the distances of corresponding 
groups in two consecutive (in the order of winding) sections from the 
centre lines of their respective poles. 


1 S. P. Thompson, in his Dynamo Electric Machinery, defines this as an 
'" element" when dealing with this subject, and applies the name “ section " 
to what is here called a“ group”; but as a general rule the term “ section " 
is used with the meaning here giv en to it, even in the work referred to. 
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Symbols.—The following symbols will be used :— 


c = Number of circuits in parallel. 
G — Number of conductors or groups of conductors, each of which 
is treated as a unit, and has a distinctive number. 
g = Number of conductors in each group. 
p = Number of poles. 
r — Number of pitches, and of groups, in a cycle. 
S = Number of sections. 
s zz Number of commutator segments, 
t = Total travel for one re-entrance, expressed іп revolutions. 
и == Number of circuits in each winding. 
v == Number of groups in each winding, 
w = Number of independent windings = Number of re-entrances, 
y = Average pitch of connectors. 
Уә &c. = Pitches of connectors. 
Ny, Y» = Front and back pitches respectively. 
Z = Number of active conductors. 
The other letters stand for indefinite integers, whose limitations are 
explained in the text. 


Preliminary Conditions.—A few conditions can be written 
down at once. For instance, c must be an even integer, for there are 
two paths from any point in a closed coil winding. Here, as through. 
out this paper, o is included among the even integers, and indeed 
among the multiples of any number. 

Every cycle has to start in exactly the same way. Hence in each 
cycle the current has to come up as many times as it goes down, and 
consequently r must be an even number. 

In order that each winding may contain exactly a whole number 
of cycles, and that all the windings may be alike, G must be a multiple 
of ra. 

There will always be as many N poles as S poles. Hence f will be 
even. 

The number of commutator segments will either be equal to the 
number of sections, or some multiple of it, generally the former. 

There is no use of considering values of y, у, Y» &c., greater than 
4G, because any such value can be equally well expressed by anumber 
less than 4G with the opposite sign. 

Condition of Re-entrancy.—The first condition to be fulfilled 
by a proposed winding is that it should re-enter upon itself. If when 
a re-entrance takes place, an aliquot part of all the groups has been 
taken up, there will be as many re-entrances as the whole number 
contains that part. But if not, then after one or more re-entrances, 
we shall be left with too small a number to make another complete 
winding. 

When a re-entrance takes place, we have travelled.a whole number 
of times round the armature since we have come back to the starting 
point. Let this be £. times, so that the total travel is / G in terms of the 
group-space. The average pitch, у, is the average travel for one group. 
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Hence the first winding includes /G/y groups, and the number of re- 
entrances is— 


w-G-c(G[)mst......... () 


Now, w and і must both be integers; hence y must also be an 
integer and a multiple of ¢. The various possible values of w and ! are 
the several factors of y, from unity to y, but the number actually 
obtained in any case will depend upon G. 

In the general case, where there are r pitches in the cycle— 


yos x ... »)eaninteger . . . . (2) 


and the general condition for re-entrancy is that the algebraic sum of 
all the pitches is a multiple of their number. 

We have to go round the armature y/w times for each re-entrance, 
and consequently must go round y times to complete the winding. . (3) 

Number of Re-entrances.—If v is the number of groups in each 
winding, then G == vw. The travel for v groups is әу, and, from the 
above, is tobe equal to /G. Hence, v= t С/у. But r groups go to each 
cycle, and each winding is to have a number of complete cycles. 
Hence v/r is an integer. But— 


Number of cycles рег winding ==-- = 7 7-5... . . (4 
There will be a proper re-entrance for the least value of ¢ which will 
make this an integer. Hence, y// will have the greatest possible value 
compatible with the whole expression being an integer. Hence у/!15 
the highest common factor of y and G/r. That is— 


v-—HCFofyandG/r. . . . . . . . (3) 


Re-entrances at intermediate points of the cycle, not being allowable, 
are not included here, but are dealt with along with clashing. 
Applying this to thecase in which there are only two pitches, y, and 
y», we have— 
= }(у, + yə) -aninteger. . . о а аА (0) 
ОЕ Н CF of y and iG NT 


Whence it follows that (у, + у) and G must be multiples of 2 w, but 
must have no higher common factor. 

Conditions for not Clashing. (i. 2-Group Cycle, Single 
Re-entrance.— But there is another way in which a proposed set of 
numbers might fail geometrically to give a possible winding. Starting 
by going down from the front end, we might find that after winding a 
portion of the armature we arrived at the back end of the group from 
which we started, instead of at the front end, an up place thus falling on 
one already occupied by a down one. We may call this a clash. Con- 
fining ourselves first to the case in which there are but two pitches 
in a cycle, and only one re-entrance, this will occur, if at all, after we 
have gone through so many pairs of groups and one pitch more. That 
is when we have a travel of f (у, + у) + у, / being an integer. But we 
might get a clash at the front end after a travel of f (у, + vs) + ул where 
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/ may have a different value to what it had before. These may both 
be included in the one general expression f (y + уь) + v. 

But to come back to the starting-point means a total travel of so 
many times round. Hence, when expressed in terms of the group 
space, it is a multiple of G, say 10, 1 being an integer. 

Then— 
Ју + y) + уу==1С. 
Or— fa GFI. EC 


Clashing will take place if for some integral value of 1 there is ап 
integral value of f, but not otherwise. Let us, therefore, study the 
conditions whiċh determine whether an expression of the type— 


х ЖУ 
A ga ee ое Ош» к x O) 
may be an integer for some integral value of l, ; х, 1,, and y, being 
given integers. 
Let rT Ра E 0... .. . .. (10) 


J, and x, being integers, and х, less than х,. /, is in fact the quotient 
and х, the remainder, when x, is divided by +,. 

There will be some multiple of this in the series obtained by 
putting successive integral values for /, in the numerator of (9) if— 


Пау (ћу +). 2... . . . (11) 
Г; and l, being some integers. That is, if— 


fab ЕУ ЕУ .,. ‚бш 


4 . М . 1, ха ВУ 
There will be such an integral value of Lh. provided that EU 


is an integer for some integral value of /,. This is of exactly the same 
form as (9) with which we started, but x, is smaller than x, Repeating 
the processes (10), (11), and (12), over and over again, we get in 
succession— 


Xa mm us Хива E LE . (13) 


and the conditions that— 
Bo AT, n n ===>, are all integers . . . (14) 


Each of the integers x, ta х}, · . . . Yw» is smaller than the preceding 
one. 

Let k be the highest common factor of x, and х,. It follows from 
(то) and (13) that it must also be the HCF of x, x; : x, Ху etc. ; in 
fact all the x s. Hence, when the above processes have been repeated 
often enough, we must ultimately come to a term in the series (13) 
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which is equal to л. Let this be x, — 5. The next equation from (13) 
will be— 


Ха-а а x. ф x amm Ха +: e. è œ . (15) 


But +, _, is a multiple of 4, and therefore the value of Ё, is x, —,/h, since 
it is the quotient when dividing х, _, by x, ; and since there will be 
no remainder this time owing to В being a factor of x,..,, 


". Nnr TO au . . . . . . .. . (16) 


Hence the next term of the series (14) becomes— 


боли ВУ Жу ENG 
d. hc 


and this will be an integer if y is a multiple of Л, and only then. But 
if (17) is an-integer, all the others, (14), (12), and (9), are also integers; 
and if it is not, none of them arc. 

Hence the condition that (/, x, + v)/x, should be an integer for some 
integral value of /,, is that y must be a multiple of the H C F of +, and 
х; and that it should not be an integer is that y must not be such a 
multiple . . қ . (18) 

Applying this to (8), we get as the condition for no clashing to occur, 
that у, must not be a multiple of the HCF of Gand (у, + ya). If y 
is not such a multiple neither can y, 62 one, for any factor common to 
one of them and their sum must also be a factor of the other, From 
(7) ће HCF of {С and y is w, and у= { (у, + уь) from (6). Hence 
the H C F of G and (у + у») is 2%. ТУ neither у; nor y, шау 
be multiples of 2:w. . . En ‚ (19) 

Conditions for not Clashing. ‘Gi. ) 2-Group Cycle, Several 
Re-entrances.—|f there is more than one re-entrance we have to 
make a fresh start for each winding, and therefore the above only gives 
the condition for no clashing to take place with another of the same 
winding. We must now find the additional conditions to be fulfilled 
in order that one winding may not clash with another. Let the 
groups be numbered consecutively, and the first winding start at 
number e, the second at е, the third at ез, and so оп . . . . (20) 

The same cycle of connections is to be used for all. After one 
winding is wound, the vacant spaces will be cyclic as well as those 
that are already filled. Hence, if the second winding is started by 
going down a vacant space, we cannot have a down place of the second 
winding clashing witn the first, Likewise, if the first up-wire does not 
clash, neither will the others. Similarly for the third апа future 
windings. 

If— 


Јоу t y) — 1G + (e — е), i.e, if f= IG + (c — е) 
УУ (21) 


ог— 
G + (6. — 2, — У) 
Ку + + у = IG + (e ё), 2» „је 066—0] 
+ yo) + у ) yt» 
where f and / are some integers, not necessarily the same in each case, 
then the proposed starting-place will not be vacant. 
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Again, if— 
fOr + у) =16 + (e — с) + y» ie, if у= Et 6») 
; Wty 
Or if— (22) 
f Qr + у) + уь = IG + (6 — е) + у » » f= G+ (сє. —) 
Эу + у» 


the places for the up-wires will be already occupied. 

In order that there may be no clashing, there must be no possible 
integral values of any of these expressions for any integral values of 1. 
(18) gives, as the condition for this, that the Н CF of G and (v, + уу) 
must not be a factor of either (e, — c), (с, — e — у»), ог (е, — e; + у). 
This condition must also be fulfilled when we put instead of с, and e, 
the starting-points of any two of the several windings. Іп (19) we saw 
that this HCF was 2w. Hence 2w must not be a factor of the 
difference between the starting-points of any two windings, nor of the 
sum or difference of that difference and either pitch . . . . . (23) 

Conditions for not Clashing. (iii) Multi-Group Cycle, 
Single Re-entrance.—Similarly, if there are r pitches in a cycle, 
Yo Ya Yy • • • Yr, but only one winding, we might have a clash after 
going through the cycle so many times and one pitch more, or two 
more, or three more, and so on up to (r— 1) more. Also we might 
start at any point of the cycle, so the extra one might be any one, the 
extra two any consecutive two, and so on. We can, however, write 
down the condition at once, because it is obvious that the sum of all 
the pitches will take the place of (у, + yə) іп (8) and (19), while the sum 
of the extra ones, whether one or more, takes the place of у, Hence, 
in order that there may be no clashing, the H C F of G, the number of 
groups, and the sum of all the pitches in one cycle, must not be a 
factor of any individual pitch, of the sum of any two, or any three, or 
any four, etc., up to any (r — 1), consecutive pitches taken in cyclic 
order. It is really only necessary to test this up to the sum of any + r 
consecutive pitches, because if the sum of any q of them satisfies the 
condition, it must also be satisfied by the sum of the remaining (r — q). 

The sum of all the pitches in a cycle is 77, and the HC F of G/r 
and y is w. (See (2) апа (5)) Hence the HCF of С апа the sum of 
all the pitches is rw. Consequently rw must not be a factor of any 
of the quantities mentioned above. . . . к ue wq 24) 

A clash with an even number of pitches beyond a complete cycle 
would really be a re-entrance if the winding is then stopped, but as it 
would break the cycle of connections it would not give a regular 
winding. 

Conditions for not Clashing. (iv. Multi-Group Cycle, 
several Re-entrances.—In the most general case wherein there are 
any number of pitches in a cycle, and any number of re-entrances, if 
any one group falls on a vacant place, the corresponding groups in all 
the other cycles will also be right. Proceeding in the same way as 
before, it is easily seen that the HCF of G and the sum of all the 
pitches in one cycle must not be a factor of the difference between 
the starting-points of any two windings ; nor of the sum or difference 
of that difference and any single pitch, the sum of any two, three, four, 
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etc., pitches taken in cyclic order. But the HCF of G and the sum 
of the pitches is rw. (See (24).) Hence rw must not be a factor 
of any of these quantities . А . (25) 

Conditions (25) are іп addition to (24). It | is thus s seen that the 
number of conditions to be met when there is a number of pitches in 
each cycle, and a number of re-entrances, becomes very large, and that 
consequently the possible numbers are limited, and will take some 
trouble as a rule to find. This combination is almost never met with 
in practice. 

Electrical Conditions.—The inain object of an armature is to 
generate an E.M.F., and so the connections must be such that going from 
brush to brush the several E.M.F.’s are all added together, and that they 
all act one way round the winding. As we go through the winding we 
travel round the armature, but at the same time we gradually creep 
along the pole-pitch. Starting just inside the centre line between a 
pair of poles, after going through one cycle, the next starts with a group 
at a pole of the same name as the first, but a little inside the centre 
line, the third cycle will start still further in, and so on. Now, so long 
as the cycles begin at the same kind of pole, the E.M.F.’s in their first 
groups will always be in one way, but as soon as the creep exceeds the 
pole-pitch the E.M.F.in them is reversed. Hence the creep for that 
part of the winding between two consecutive brushes (2.е., consecutive 
relative to the winding) should be equal to the pole-pitch if there is to 
be no counter E.M.F.'s in the leading groups of the cycles. 

Now, one or two conductors in any circuit with counter E.M.F.s 
would not matter greatly. Let us therefore see whether the average 
creep per circuit may be a little more, or less, than the pole-pitch. 
Let it be (G + d)/p, where d is an integer. There will be аур leading 
groups in this circuit with a counter E.M.F. in them. But the next 
circuit will start this amount out of place, and will therefore overlap 
the pole-pitch by twice this at the other end, and so on for the others, 
the last (c/w th) one of this winding having (c/w) (d/p) first groups with 
counter E.M.F.'s. 

But the total creep for a complete winding must be a multiple of 
the pole-pitch, since we come back to the starting-point. Let it be 
k G[f, where k is an integer. Then— 

Creep for one winding = Creep for c/w circuits, 


On 
Ea =(®+%5.... 0... (26 
ҮШТІ IP. 


But c/w is an integer, being the number of circuits in each winding. 
Hence cd/u'p is a multiple of the pole-pitch G/f, since k is also ап 
integer. That is, c dw is either о, or G/p, or 2G[p, etc. Ви this 
is the number of leading groups with counter E.M.F.’s in the last 
circuit under the assumed conditions, and for anything like as many 
as G/p to be opposite the wrong pole would of course not be allowable. 
Taking 2 С/р, the wires in this circuit would be mostly rightly placed, 
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but an intermediate circuit would then have the unallowable G/$. 
Hence cd/wp must be taken as zero, i.e., 4 must be zero if c is not. 
If c is zero, the creep for one winding is also zero, from (26), and 
consequently the creep for a cycle must be zero. Hence, the average 
creep per circuit must be equal to the pole-pitch, but the creep for any 
individual circuit will differ slightly from this if the brushes are not 
symmetrically set. 

Each circuit contains on the average G/c groups, and G/rc cycles. 
(Not necessarily integers) Hence, the average creep per cycle is 


(G/p) — (G/re) = v c[p. 


', ry == Sum of all the pitches in one cycle. 
= Travel for one cycle. 
== Motion from pole to pole + Creep, both for one cycle. 


mec 2 ee жола лы ни МЕ: en oe doe Мө 4 25) 


where m is an integer, and may be positive, negative, or zero. y must 
be an integer. Hence c must be a multiple of the H C F of 2 G/r and f. 
(From 18.) ‘The motion from pole to pole for one cycle must be over 
an cven number of poles, since successive cycles must start at similar 
poles, except at the places where one is just on the one side of the 
dividing line and the other just on the opposite side. Hence the 
2 іп 2mG. 

There is no use of considering values of y, у, y» etc., greater than 
4G, as such a pitch could be equally well expressed by a number less 
than 4G with the opposite sign. Hence we may limit т to values less 
than 1? 7 when т and c are taken with the same sign, and to values 
not greater than 1 р 7 if they have opposite signs. 

2-Group Cycle. Collected Results.—Applying these results to 
the case in which there are but two pitches in a cycle, and collecting 
the conditions, we have :— 


Refer to— 
уу Ог у» == у. = Ў алал 
у ог ym у, = у _"б+а | | (|. (30) 


W here— 


m is an integer, positive, negative, or zero, but not greater 
than $} if taken with the opposite sign to c, and less 
than 4 f if taken with the same sign asc . . . . . (31) 

n is an integer, of the same sign as m, or zero, but not 
greater than (4 f + m) when the greater of c and a has 
the opposite sign to m, and less than (фр + m) if 
they have the same sign . . . . . . . . . .(32) 
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а is an integer, positive, negative, ог zero, but not greater 


than PO: uo с om. Ge св m cs he эъ а 26083 
c, p аге even integers . . . . . . . . . . . . + (34) 
G must be a multiple of 210 :. . · · + (35) 
(7) y must be a multiple of w, but have t no higher factor in 
common with 464. . 2 · . . . (36) 
(29) .'. (mG + с) must ђе а multiple of pw we. . · 67) 
(18) .° c must be a multiple of the HCF of G and d (38) 
(30) у, y, must Бе integers . . . а Je il a) 
. (nG + a) must be a multiple of b E . (40) 
(18). a must be а multiple of the HC F of G and А. (41) 
3. Jo. y, must not be multiples of 2w . . ыле. ЖАД?) 
(*) .:. (nG + a) must not be an odd multiple of Р w di уа 15 
odd, пог an even multiple of pw if yw is even . . . (45) 
(23) (e, — e), etc.. must not be multiples of 2w . . . . . · (4) 
(23) (е, — е. + y), etc., must not be multiples of 2: . . . . (45) 


The condition (19) or (42) that у, should not be a multiple of 2 w 
can be reduced to (43) as follows. Y is a multiple of w. Consequently 
(п б + a) must not be an odd multiple of р w if y is ап odd multiple of 
w, as then the sum and difference of y and (n G + a)/p would be multi- 
ples of 2w. Similarly (n G + а) must not be an even multiple of p w if 
y is an even multiple of w. 

If y, and y, have opposite signs we get a lap-winding, and if they 
have the same sign it is a wave-winding. Hence lap-windings corre- 
spond to m being less than п, and wave-windings to m being greater 
than ». If they are equal, which is only possible with ring-windings, 
then a must be greater than c for laps, and less for waves. 


Multi-Group Cycle. Collected Results.—In the general cas¢ 
where there are ғ pitches іп a cycle, у, у, yy .... y» in cyclic 
order, then :— 


Refer to— 
(2)ап4(28) у =(y + y+... у MOS . . . .(40 
y= F + (.б+ајр. . ... . . a. d 
i= y + (л,6 +а,)/р. (4 
е 9 а е ә ә еее еее э өе € e . . . . . . • • у 
y= у + (по +а јр. . . . . . . .. | 
Where— 


m is an integer, positive, negative, or zero, but not greater 
than + fr if taken with the opposite sign to c, and less 
than this if taken with the same sign . . . . . . (48) 
Ny, 7, . . . . n, are integers, positive, negative, or zero, 
but not greater than (+ 1 р — 2 m/r) when the greater 
of c and a has the opposite sign to (2 m/r + n), and 
less than (+ +} — 2 m[r) if they have the same sign, 
+ being taken with the same sign asm . . . . . (49) 
4,0, .... а, are integers not greater than 3G: _. . . (50) 
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(46) (n,+tn,.+....+9,)G+(a,+a,+....+a)=0. . (51) 
c, р are even integers, and c an even d. ofw . . . (52) 
G must bea multiple of rw . . 2.5. @ (53) 

(5) y must be a multiple of w, but have. no higher factor in 
common with G/r . . . . Pr cee xd Bd) 
(46) .'. (2mG+rc) must bea multiple oí rj: QU uw ж.ж ж 20565) 
(18) .*. c must be a multiple of the HCF of 2 Ed and pur. . (56) 
(47) Y Ya - - - Yn Must all be integers. . . & ыы СУ. 
.*. each (nG + а) must bea multiple of p . . . . . . (58) 
(18) .*. each a must be a multiple of the HCF of Gand p. . (59) 
(24) rw must not be а factor of у“, у, .... 7, . . . . . . (бо 
Nor of (у, + у), (v dv)... . (у Фу) . . . (бї) 
Nor of (v, + v, + v), etc., (о (у, + у, + у, . . . (62) 


Etc., etc., пр to 
(„++ уа), etc., to 

Tren Кыл Vesa) -x iow cw c3) 

(25) rw must not be a factor of the difference of the starting- 

points of any two pu S not ол consecu- 
tive ones. . . a “eg ж (04) 

Nor of the sum, or difference; of thal difference and 
any of the quantities (бо), (61), (62), and (63) . . (65) 


It is comparatively rare to have more than two pitches in the cycle, 
and we almost never have more than four if only the groups are num- 
bered. Of course, if all the conductors are numbered there would be 
as many pitches in each cycle as there are conductors, but even then 
there would not in most cases be more than two different values at 
each end. 

Connections to Commutator.—The ends of each cycle of con- 
nections should go to segments of the commutator, the relative position 
of the several segments round the commutator being the same as the 
relative positions round the armature of the sections to which they are 
joined. In some cases it would also be feasible to connect to the com- 
mutator only at every second, or every third, etc., cycle, provided these 
numbers are aliquot parts of the whole number of cycles. Or again, 
intermediate points might have their own segments. The latter might 
be carried so far as to have a segment for every joint, but as it would 
be inconvenient to have segments connected to the back connectors 
this is not done. 

With certain windings, each end of a section is connected to 
several segments of the commutator. For instance, when the number 
of sections is a multiple of the number of poles and there are more 
than two poles, for each section there will be another in exactly the 
same condition as regards the E.M.F. in it, and at the same potential, 
opposite each of the poles of similar name. Hence the corresponding 
segments may be joined together. Or again, in certain two-circuit 
windings in which the travel per section is greater than twice the pole- 
pitch, it is necessary to join each section to more than two segments, 
and to have the number of segments a multiple of the number of 
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sections instead of equal to it. Each segment is then cross-connected 
to others at regular intervals round the commutator. 

Ring Windings.—In ordinary ring-windings both the outside and 
inside groups must in general be numbered to make the formula apply. 
If these are numbered alternately, we get the ordinary Gramme ring by 
putting m = 0, п=0, а ==0, and c= f, іп (29) and (30). This shows 
that there will always be ) circuits with such a winding. 

By taking other values for m, n, and a we can get a large variety of 
ring-windings with f circuits, that is of parallel grouped rings. We 
may, however, get any other even number of circuits by a suitable 
choice of m and G. 

With multipolar rings any coil may be connected to another at a 
pole of the same sign, or to one at a pole of the opposite sign. The 
former kind, of which the simple ring is really a particular case, is 
often called the “ long-connection type"; while the latter, owing to 
the adjacent pole being the one usually chosen, is known as the * short- 
connection type." In the former case the inside of one coil is joined 
to the outside of the next, and a cycle may include only a single coil, 
althouglr four-group cycles аге not uncommon with ring-windings. 
Both active and shielded groups must be numbered with the long- 
connection type. In the short-connection type the outsides of two 
coils are joined together and the insides of two coils together, the 
latter connection being most conveniently made at the back, and in 
this case only the active conductors need be numbered. Now every 
cycle of connections must start in the same way, so there must be at 
least two coils in a cycle, and if both the active and shielded groups 
are numbered there must be at least four groups in the cycle. It will 
suffice, however, to only number the active groups, and thus reduce 
what would otherwise be a four-group cycle to the simpler case of a 
two-group cycle. Down and up then have reference to the way in the 
active groups. With a little thought it will be seen that this type of 
ring-winding forms a sort of cross between an ordinary ring and a 
drum, the separate coils being wound as in rings, but the connections 
between the several coils arranged as in a drum. In fact, when the 
inner connections (or rather what would be the inner ones if made at 
the front) are made at the back, it actually becomes a drum-winding in 
the case in which there is only one active conductor in each coil. In 
the general case of ring-windings there are no limits to the values of v, 
Ya etc., other than those set forth above, but when only the active 
groups of a short-connection ring are numbered, then they are subject 
to the same limitations as drum-windings. 

Drum Windings.—In a drum-winding each conductor must be 
joined to conductors at poles of the opposite sign to the pole at which it 
is. Hence у, y, etc., must be approximately equal to an odd number 
of pole-pitches. Hence (2m/r + n) must be odd in each case. In other 
words, if 2 mjr is even, n must be odd, and vice тетза. 

It is very seldom that there are more than two groups per cycle in 
drum-windings, and so we may confine ourselves to the simple two- 
group cycle, in which 2m/r becomes simply m. For lap-windings 
(па + a) must be greater than (m О + с) in order that the pitches тау 
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have opposite signs, while for wave-windings it must be less than this. 
Remembering that (m + л) may not be greater than 4f, and that 
(m+n) must be odd, we get the following possible values of m 
and п:-- 


POSSIBLE VALUES OF m AND n FOR TWO-GROUP CYCLE, DRUM WINDINGS. 


No. of Poles. 2 i 6 8 10 12 14 16 


т нп сїт п с т п срт! п 'ђт i ni chim) п срт п срт nic 


Y 
о 
4» 
С 
о € 
^ 
Ж 
P 
~ 


Lap ) 
Windings Ж ataia airia aat гаргаа Ет 


n>m 1161 2 4116 
1312121312 {2 2 { 2 


If m is a multiple of f, it follows from (29) that с must also bea 
multiple of $. That is, we can then only get parallel groupings and 
multiple circuit windings. Applying (18) to (29) we find that, in order 
that there may be some possible value of G for a given number of 
circuits and poles, and a given value of m, c must be a multiple of the 
HCF of т and f$. The columns headed с in the table give the 
smallest number of circuits greater than zero possible for the corre- 
sponding values of т and f. This is the H CF when the latter is even, 
and twice the HCF when it is odd. The only other numbers of 
circuits possible in each case are multiples of с. From this we see 
that any even number of circuits may be obtained in a two-pole armature 
with either a lap- or a wave-winding, but these can only be distinguished 
from each other when it is agreed to measure y, and y, by the shortest 
way round, as we have done. If this restriction is removed, lap- and 
wave-windings become the same thing in the case of a two-pole drum. 

With four poles, on the other hand, we can only obtain multiples of 
four circuits with a lap-winding, but any even number with a wave, and 
consequently a series grouping with four poles must be a wave-wind- 
ing. With a higher number of poles either a wave or a lap may be 
chosen ; but with the latter, one at least of the pitches must span over 
several poles. This would be very wasteful of copper in a bar 
armature, but might be used with wire-wound armatures having many 
turns per coil, if any advantage were to be gained by it. 

It is not often that either m or n, or (m + л), is greater than unity ; so 

Vor. 81. 2 
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in practice for a series grouping, or any other number of circuits not à 
multiple of р, а wave-winding would be adopted. Lap-windings are 
generally employed for parallel groupings, or windings with a multiple 
of ? circuits. Wave-windings may also be used for this, but they have 
several peculiarities. For instance, when f brushes of ordinary width 
are used it will be found that the coils are not shorted through the 
tips of one brush, but through the connection between two brushes of 
the same polarity. It is also possible with them to have only two sets 
of brushes by making them span over a much larger arc on the com- 
mutator, but this is attained at the expense of the symmetry of the 
circuits, and with many circuits it would not be allowable for this 
reason. 

The remaining constant a would usually be the smallest compatible 
with the conditions (39), (40), (41), and (45), but it may differ a little 
from this. That value of a which makes the back pitch most nearly 
equal to the pole pitch gives what may be called an ordinary winding, 
whereas other values will give a chord winding. | 

Either у, or у, if unequal, may be taken as the front pitch у, and 
the other for the back pitch y, Choosing for y, the one most nearly 
nearly equal to the pole pitch, or a multiple of it, by taking suitable 
values of m, n, and a brings the coils under commutation nearest to the 
neutral zone, assuming the brushes to be properly set, while the other 
values cause the shorted groups between any pair of poles to be more 
widely separated, and slightly removed from the neutral zone. When 
the armature is made up of a number of former wound coils the width 
of the coil is as a rule made equal to the back pitch ; and so shortening 
the latter, by reducing the span of the coils, diminishes the length and 
weight of the ends and the space they occupy. It also facilitates 
putting the coils in place in a slotted armature, owing to the smaller 
angle between the two slots into which a coil has to go; and, by 
reducing the number of groups overlapped by each coil, makes the 
winding more accessible and the insulation easier. In any case it will 
simplify the end connections by reducing the number of crossings 
diminish the armature reaction, and lower the maximum potential 
difference between adjacent groups, to take both v. and y, as small as 
possible, but especially у. The smallness of y, is limited by the 
amount of differential action due to counter E.M.F.'s in one side of 
some of the sections, which can be permitted, and by the narrowing 
of the commutating zone caused by its removal from the neutral zone. 
For these rcasons v, should never be less than the pole span, although 
4 may be. 

Rotaries.—For rotary converters, in addition to the above condi- 
tions, the number of sections in two consecutive circuits, that is between 
one brush and another of the same polarity (which would be the same 
brush if there were only two brushes altogether), ought to be divisible in 
the same way as the period is to be divided for the different phases 00 
the alternate-current side, Thus, for a single phase (really two phases in 
opposition as far as the armature is concerned), this number of sections 
must be a multiple of 2; for two phases in quadrature, or four phases 
in successive quadrature, it must be a multiple of 4 ; for.three phases in 
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ternature, a multiple of 3; and for three phases in sexature, or six 
phases in successive sexature, a multiple of 6. Each such part of the 
winding between two successive + brushes, or two successive — brushes, 
is then divided into that number of parts, and the points of division joined 
down to the slip-rings, of which there will be two for single-phase, four 
for two- or four-phase, three for three-phase, and six for six-phase. The 
corresponding points of the different pairs of circuits are joined to the 
same slip-rings. 

Rotaries are, however, sometimes two circuit windings, which 
cannot always be divided in the desired way, if the tappings are to be 
made.at one end only. They are then divided as nearly as possible in 
the above ratio, but the phase differences will be slightly different from 
the desired values. 

Alternators.—Any winding would serve as an alternate-current 
winding if joined down to slip-rings, or terminals, in the manner 
described above, but there would then be several circuits in parallel, and 
this is found to be inadvisable for alternators. Consequently most of the 
windings actually employed for alternators are open coil windings, and 
they are not necessarily regular. But it will be found that almost all 
those to be met with in practice are either regular windings, or can be 
analysed as a combination of regular windings. 

In the beginning it was stipulated that c might be zero. At first 
sight it might be thought that such a thing would have no meaning, but 
it really indicates that there will bc no places at which the current 
wants to leave or enter the winding, although the conductors will stil] 
have E.M.F.’s in them. An o-circuit winding is thus one in which all 
the E.M.F.'s act in the same way round, and so it is shorted on itself, 
But if a break be made in that winding, say by leaving out the last 
connection, we get an open coil winding suitable for a single-phase 
alternate current, the free ends being joined to the slip-rings or 
terminals, as the case may be. It will be found, however, that this 
will only take up r groups per pair of poles, and that a cycle must 
cover an even number of pole pitches. Hence there must be twice 
as many connections in a cycle as therc are groups per pole if the 
winding is to be completed in going once round, when it re-enters on 
itself. That is, we must take r — twice the number of groups per 
pole per phase, and w = number of phases, for a polyphase winding of 
this kind. This is a lap winding. 

But many windings have a travel of several times round for each 
phase, and they may be obtained in the following way. Put w= 2[r 
times the number of groups per pole, which must be a multiple of the 
number of phases wanted, r being chosen small enough to allow of 
this, it generally having the value 2. Each of the w windings thus 
obtained is then broken at any convenient point, and we have w 
different phases. These are reduced tothe required number by joining 
those most nearly in phase, i.e. the adjacent ones, in series so as to form 

a number of identical sets equal to the number of phases. This gives a 
wave winding, or a combined lap and wave, and several modifications 
may be obtained according to the way in which the several sub-phases 
are combined together. 
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We may get some of these windings in another way by taking ras 
the number of groups gone through in going once round the armature. 
Usually all the pitches are alike, or may be divided into several sets, 
each forming a sort of inner cycle except the last one, which would 
have to be different to the others ; but in applying this second method 
it is to be remembered that the winding need not be, and usually is not, 
re-entrant, and consequently y is not necessarily an integer, and the 
other conditions deduced from this need not be complied with. The 
first method is probably the simplest for getting out such a winding, 
but the latter can be easily enough applied after the winding is 
designed. 

Besides these different classes of alternate-current windings there 
are a few odd ones sometimes met with which are not regular at all, 
and which could only be brought under the general formula by taking 
the whole winding as one cycle, and this of course would not assist us 
іп any way to design the winding. Others, again, introduce some 
irregularity at the junctions of the several components of the winding 
when analysed in the way described above. This consists of inter- 
changing some of the groups from one sub-winding to another of the 
same phase, but there does not appear to be any particular advantage 
in doing this. 

In getting equation (28) we assumed that it was an even number of 
pole pitches from one pole to another of the same kind. Hence when 
we are dealing with homopolar fields, such as that of the Mordey 
Alternator, we must take ф = number of poles on both sides, or twice 
the number on one side, and then the formula will apply without 
any modification. 

Open Coil Armatures.—An open coil continuous-current arma- 
ture may be regarded as a polyphase generator with commutators added 
to rectify the currents, and so they may be treated in the same way as 
open-coil alternators, with the difference that the free ends are joined 
to separate segments of the commutator. The commutators may be so 
arranged as merely to commute the several phases in turn and join 
them in series, or it may put two, or more, coils in parallel at the 
instants when their E.M.F.’s are about equal. The little hand 
generator supplied with the Evershed Testing Set is an example of the 
former mode of doing; while the Brush arc light dynamo has four, 
or six, phases, and the Thomson-Houston three joined star-fashion, 
which are treated in variations of the second way. 

Disc Armatures. Pole Windings.—Disc windings may be 
classed either along with rings or with drums, according as the current 
returns through shielded conductors, or through active ones. Hence, 
so far as the numerical properties of the windings are concerned, the 
same rules will apply as to cylindrical armatures. 

Pole windings are really exaggerated toothed core armatures, and 
therefore may be treated as such. 
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A METHOD OF STUDYING ARMATURE WIND- 
INGS BY MEANS OF WINDING DIAGRAMS. 


By DAVID ROBERTSON, B.Sc., Associate. 


Winding Diagrams.—There are three classes of winding 
diagrams in general use. First there is what we may call the circular 
diagram, which is practically an end view of the armature. Then we have 
developed diagrams, in which the armature periphery is folded out flat. 
And lastly there is the radial diagram in which the active conductors 
are represented by radial lines, the front connections being drawn 
inside one circle, the back connections outside another concentric 
with the first, and the radial lines for the active conductors in between. 
To these the author would add a fourth, which may be termed a 
current diagram, in which as a rule active conductors or groups of 
conductors ' only will be shown, and the connections left out. It might 
be either circular, developed, or radial, but is most conveniently 
taken as an end view of the developed diagram. It is particularly 
useful in studying the changes in the distribution of the current 
round the periphery during the different stages of commutation, 
or with different widths or arrangements of brushes. А large 
number of diagrams can be made in a comparatively short time if 
the connections are omitted, but these can be easily filled in when 
required. 

Winding Tables.—The first step is to makea winding table for the 
proposed winding, showing the position of the commutator segments. 
This can be made up from the chosen pitches without any reference to 
a diagram, it being understood that thc groups are numbered consecu- 
tively round the armature, and that the segments are distinguished by 
the letters of the alphabet taken the same way round. The examples 
at the end of this paper show the best form of winding table, that being 
only very slightly modified from those given by S. P. Thompson, Kapp, 
and others. In the tables, the letters B, F, in the upper row come 
above the divisions between the columns of figures, and they indicate 
that the corresponding junction is made at the back or front end 
respectively, while the letters at the heads of the columns show 
whether we go down or up in that group when tracing out the winding 
in the direction chosen, and do not refer to the way of the current in 
the conductors. Columns for the commutator segments come in under 
F between the columns of figures. Crossing a vertical line in the 
table corresponds to crossing an end of the armature. That at the 
front end is divided into two stages, first to the commutator, and 
then to the next group. The table for the first example (p. 956) may 
thus be read as follows: Start at a, cross the front, go down r, 


“Тһе word “ group” is used throughout this paper to denote that part of 
the winding which is treated as a unit in the diagrams and tables, whether it 
consists of a group of conductors or of a single conductor only. 
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cross the back, up 8, cross the front to Л and then to 15, down 15, 
and so on. 

The actual position of the segment h relative to the groups 8 and 
15 will depend upon the form of connectors used. It may either be at 
the same radius as 8, the same one as 15, midway between them, or at 
any other position; but this will only alter the position of the brushes 
relative to the poles, and will not affect the character of the winding, 
nor the distribution of the current at the pole faces. It is usually 
either beside one of the groups to which it is joined, or else midway 
between them. The mid position makes the connectors symmetrical, 
and brings the brushes to the middle of the poles, which is the 
most convenient place in bipolar machines of the under, or over, 
types. 

In making out the table, the numbers are first written in their 
proper places by starting with r, and then adding the back and front 
pitches alternately until the starting point is again reached. A fresh 
start must be made for each distinct winding, and it is well to begin it 
on a new line. Next fill in the letters for the commutator segments. 
The order in which they appear in the table will depend on the nature 
of the winding, but it will be the same as the order of the conductorsto 
which they are connected. It is convenient always to start from 
segment a and then go down No. r. If there are only two groups per 
section, as іп the examples, we then know that b comes before 3, € 
before 5, and so on. The position of the letters for any other number 
than two groups per section can be found ina similar way, the numbers 
following consecutive letters going up by that number instead of by two. 
A wave winding has been chosen for the first example better to illustrate 
this method of placing the letters, as an ordinary lap winding would 
give the letters running a bc d, etc., in the same way as the numbers, 
and the necessity for taking it up in this manner is not so apparent. 
Of course as soon as the cyclic order of either the numbers or letters is 
seen, advantage may be taken of any peculiarity to fill in the rest of the 
table more quickly. Thus in Example I., after putting in one or two 
letters it is seen that they are consecutive, but backwards, and so the 
rest may be written down at once. 

Position of Brushes.—The next step is to settle what segments 
are to be in contact with the brushes at some particular instant, say the 
instant when the centre line of a negative brush coincides with the centre 
line of the segment a. Whatever number of brushes there may be, the 
angle between consecutive ones will be equal to the pole pitch, or a 
multiple of it, and so the positions of the centre lines of the other 
brushes relative to their respective segments, and the names of these 
segments, can be determined by dividing the number of segments in 
the proper ratio. If the brushes are not symmetrically set their centre 
lines will not coincide with these positions, but since their position can 
be referred to any line having a fixed relation with them, we shall take 
as our reference lines the lines that ought to be at the centres, instead 
of the actual centre lines. "These reference lines will be termed the 
index lincs of the brushes. After the index lines have been fixed, the 
names of the several segments in contact with each brush can be found 
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from a knowledge of the brush width and how it is disposed about the 
index line. 

Circuit Tables.—Now make up a circuil table for that position 
thus : Look up segment a in the winding table, and starting from it write 
all the numbers in a row, in the same order as in the winding table, until 
we reach a letter denoting a segment in contact with another brush of 
opposite polarity. If there are no coils shorted through that brush, 
start a new row, keeping the figures in columns, but write it backwards 
this time ; and so on, a new row being started every time we come to 
an opposite brush, and successive rows being written in opposite ways. 
When all the winding has been taken up, there will then be a row for 
each circuit in the armature at that instant. Segment a being sup- 
posed in contact with a negative brush, the first, third, fifth, etc., 
columns are headed D, and the second, fourth, sixth, etc., headed U, 
to indicate the way of the currents in the wires. If any sections are 
shorted, the corresponding groups should be placed in a special column 
at the side, and the segments in contact with the brushes should also be 
_ Shown in columns. These two sets of extra columns are headed Sh and 

Seg respectively. 

The connecting lines between the different numbers represent the 
connections that exist betwcen them in the armature, and the heavy 
lines represent the brushes. It will be noticed that the downs are 
alternately odd and even numbers in successive circuits. This is 
always the case when the pitches are odd, but not when they are 
even. 

When a brush touches two segments at once it shorts any groups 
that lie between these segments in the winding unless a brush of the 
opposite kind intervenes. The numbers shorted can always be 
obtained from the winding table with the greatest ease. When there 
are more than two brushes, a short may take place through the connec- 
tion between two brushes as well as, or instead of, through the tip of 
one only. This is characteristic of multipolar wave windings when 
more than two brushes are employed. 

Construction of the Current Diagram, etc.—Draw two lines 
at right angles to each other, O X horizontally, and O Y vertically. 
See Fig. 1(p. 957). Set off downwards from Oa length O O' to represent 
that portion of a revolution during which it is desired to study the 
commutation changes, and draw another horizontal line O'X’. It is 
convenient to take OO’ asa whole number of commutator segments, 
but a complete revolution, or any number of revolutions, may be 
Shown. In most cases it is quite enough to represent a number of 
segments equal to the least number that can be in contact with a 
brush at once, as this will show all the stages from the commencement 
of a short to the end of a short for at least one section. In the 
examples, two segments have been represented, and it will be seen 
that the lower half of the diagram is merely a repetition of the upper 
half, with different numbers in each case, except in Fig. 5 (p. 965), in 
which each section is shorted by two brushes at once, and so the shorts 
are of longer duration. 

Next, to the left of O O' draw as many vertical lines as there are 
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brushes, 1.е., two in this example (Fig. т), А В and CD. The spaces 
between these lines, including OO’, are to represent the portions of the 
commutator in the neighbourhood of the several brushes. On the line 
ОХ we shall represent the condition of affairs at the instant given in the 
first circuit table, i.e, the instant when the index line of a negative 
brush is at the centre of a. Hence O X, the index line for that instant, 
must be the centre line of a. We may therefore set off from A the 
positions of the centre lines of the other segments nearit. The relative 
motion of the commutator and brushes is to be shown vertically on the 
diagram, and it is most convenient to regard this as a motion of the 
brushes back in the opposite way to the numbers and letters, instead of 
the forward motion of the commutator past the brushes which it 
actually is. The index line is thus supposed to move down as the 
armature rotates, and consequently the sequence of the letters must be 
upwards. We thus get the centre lines of the segments ћ, g, and the 
heavy lines dividing them. Similarly for each of the other parts of the 
commutator, set out in the proper row, the position of the segment at 
the brush relative to the index line at the instant considered, and mark 
off the other segments from it. In this example both rows are alike, 
since the number of segments is divisible by the number of poles, but 
in examples V., VI., and VIL, their positions differ by a quarter seg- 
ment in successive ones. | 

Now set off from each edge of the segments, outwards, the half- 
width of the brush that is at that part of the commutator. If the index 
line is not also the centre line of the brush, then set up from the top 
edges of the segments the projection of the backward tip of the brush 
(1.е., the lower tip in the diagrams) behind the index line, and down- 
wards from their lower edges that of the forward tip ahead of the 
index line. Backward is here used to denote the tip which is pointing 
against the rotation of the armature, that is the one which makes con- 
tact with the segments ; and forward refers to the other, which points 
in the way of the rotation, and which breaks contact with the segments. 
These are indicated by dotted and broken lines respectively. In many 
cases it is sufficient to neglect the thickness of the insulation, and to 
set off these distances from the dividing lines. 

As soon as the index line has passed a dotted line the brush comes 
into contact with another segment, and as soon as it passes a broken 
line the brush breaks contact with the rear segment. We thus get the 
instants corresponding to the commencement and finish of the several 
shorts. 

Along O X plot out a number of equal lengths representing the space 
occupied by each conductor, or group of conductors, round the 
periphery of the armature. Number them consecutively, beginning 
with a number about midway between the brushes in the circuit table, 
and commencing at 1 after reaching G. Asa rule, a little more than a 
complete armature should be shown, a few groups being repeated at 
the right hand end which have been already shown at the left. By the 
time that the index line has gone from OX to O'X', that is two seg- 
ments’ width in all the examples, group No. 1 will have moved towards 
the right by a corresponding amount. Sct this distance, O' M along 
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O'X’, and draw sloping lines through each of the divisions in OX 
parallel to OM. The spaces between these lines represent successive 
positions of the cross-sections of the groups during the time under 
consideration, the relative position of the index lines and commutator 
being shown at the same time on the left. It is easiest to plot 
the diagram on squared paper, making use of the divisions ruled 
on it. 

In Fig. 1 the conductors move along four group spaces, while two 
segments are passing the brushes. Consequently at the end of that 
time No. 1 is in the position that was occupied by No. 5 at the begin- 
ning. As the index line travels down from AC, it simultaneously comes 
to the dotted lines E F, and so the segments k d are brought into con- 
tact with their respective brushes. From the winding table it is seen 
that ha will short (8-1), while de will short (16-9). Projecting across ` 
the conductors from E F we mark the position at which these groups 
commence to be shorted. "The shorts will last until the index line gets 
to G and H, when a and eleave the brushes. Gand H therefore give 
the position at which these groups are again thrown into circuit. 
Similarly (6-15) and (14-7), the groups connecting gh and cd respec- 
tively, are shorted while the index line travels from I J (о КІ. The groups 
shorted by the negative brushes are shaded by lines sloping in the 
same way as the middle bar of the letter N, and those shorted by the 
positive brush in the opposite way, throughout the space for which 
they are shorted. The shaded parallelograms thus obtained show the 
times and positions during which the corresponding groups are 
shorted. 

When the shorts are symmetrically disposed, the vertical centre line 
of all at one place is the centre line between the poles if there is no 
lead. Any desired amount of lead may be allowed for by setting the 
poles back by a corresponding amount. If the shorts are not 
svmmetrical, which is generally the case when there are fewer brushes 
than poles, or when the brushes are not properly set, the centre lines 
of the interpolar spaces, if there is to be no lead on the whole, should 
be placed so that the shorts are as much on one side at one place as 
they are on the other side at another place. 

The way of the current in theother groups can be filled in from the 
circuit table for the position to which it refers, and for other positions 
it may be got by remembering that the current is reversed during a 
short. It is also possible to have a reversal without a short. For 
instance, we would get this in Example IV. if the brushes were less 
than one segment in width, but such cases are not of practical import- 
ance, since sparkless collection would then be impossible. With care 
it is possible to dispense with the circuit table so far as getting the 
direction of the current is concerned, and to work wholly from the 
winding table, but the circuit table brings out other points as to 
the symmetry of the circuits and voltage per segment, which are not so 
apparent otherwise. • 

Vertical dotted lines may be drawn from the edges of the poles to 
divide the space into regions where the E.M.F. is down and where it is 
up. There will of course be a little E.M.F. beyond the limits of the 
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poles, especially at the horns, which are strengthened by armature 
reaction. The curve for the distribution of the flux may be drawn below, 
as in Fig. 2 (p. 959), when it is desired to study particularly the E.M.F.'s 
in the coils that are shorted or in different circuits. For instance, it is 
evident that with the flux distribution shown in Fig. 2 there would be 
no reversing E.M.F. in the sections under short until almost the very 
end of the short, and the diagram makes it clear how by shifting the 
middle part forward, that is, by giving lead to the brushes, the forward 
E.M.F. in one half of the section is reduced, while the counter E.M.F. 
in the other half is increased at the same time, the terms “ forward” 
and “counter” being here used with reference to the way of the 
current in the conductors just before the short started. 

Any current which comes between the poles is linked with the 
whole flux, and consequently any excess of current there in one way 
above that in the other way will cause a magneto-motive force affecting 
the total number of lines. If the field current be represented by 
crossed and dotted circles in the * magnetising space" between the 
poles, as suggested by Mr. Mordey,' we can see at once whether it is 
assisted by the armature current or not. This brings out at once the 
well-known fact that lead in the direction of the peaked end of the flux 
wave, the direction required for sparkless collection, causes the arma- 
ture to exert a demagnetising M.M.F., while a lead in the other way 
causes an assisting M.M.F. A study of the different examples also 
shows that there may be at one instant an opposing M.M.F., while at 
another stage of commutation there may be none, or even an assisting 
one. It is thus to be expected that the flux through the armature hasa 
periodic variation due to the armature reaction when the armature is 
carrying a current. The diagrams are all drawn for the case of a 
dynamo whose brushes have no lead. For a dynamo the peak of the 
flux curve is: on the forward side, the flux being apparently dragged 
round with the armature. To make them apply to a motor, for 
which the reverse would be the case, it is only necessary to sup- 
pose all the motions and E.M.F.'s to be reversed, while the current 
and poles remain the same. The E.M.F.s will then oppose the 
current. 

To make it perfectly clear what this diagram actually means, a row 
of circles has been drawn in Fig. 1 with their centres on O X and the 
divisions there as diameters. These are cross-sections of the conduc- 
tors when the index line of the brushes is at A C, and the marks inside 
them show the way of the current in them at that instant. А cross 
represents “down” and a dot “up,” while the blanks indicate that the 
groups are shorted, and not necessarily that there is no current in 
them. If any other line, such as PQ, be taken as the centre line 
of the circles, they will show the cross-sections of the conductors with 
the currents in them when the index line of the brushes is at the 
position represented by the prolongation of РО across the commu- 
tator at the left. 

Another way of looking at the diagram is this. The co-ordinates 


! Fourn, Inst. E. E., vol. xxvi. p. 532. Mordey on “ Dynamos.” 
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of any point on the centre line of a sloping space are the position 
relative to the pole face of the group represented by that space, and the 
position of the brushes relative to the commutator, as abscisse and 
ordinates respectively, on the scales shown diagrammatically at the top 
and side. A scale of time might be marked along either axis as the 
motion is uniform, but the vertical one is best for this as there is only 
one line moving across it. 

The following modification may be made. Draw the commutator 
and sloping diagrams on a strip of paper the same width as that portion 
of the diagram, and set out the poles and brush on a separate sheet. 
Make two horizontal slits in the latter just under the poles, a short 
distance apart, and starting from the face of the brush. Distinguish 
between the down, up, and shorted places by distinctive colours, or by 
dots, crosses, and shading, and thread the strip from the back through 
the lower slot and back by the other, so that only a narrow band of the 
sloping diagram is visible. A hole should be cut out so as to let enough 
of the commutator be seen. The narrow band will then show the 
condition of affairs at one particular instant. By pulling the strip up 
or down, that at any other instant may be obtained, the conductors 
appearing to move along the poles and the commutator past the brushes 
while the strip is in motion. 

In many cases it will be found unnecessary to draw in all the sloping 
lines, but that those bounding the up, down, and shorted spaces will 
suffice. 

End Connections.—The end connections may be drawn in if 
desired as shown in the first example, the front ones being drawn at 
the top and the back ones below. It then becomes like an ordinary 
developed diagram, only the active conductors are represented by the 
spaces, and they are drawn sloping. When using it in this way the 
centre lines of the spaces represent the active conductors, but when 
using it for the current diagram these represent cross-sections of the 
conductors. 

Consequently the poles must be shown behind the sloping diagram for 
the developed diagram, whereas they must be at the top for the current 
diagram. To correspond with the ordinary developed diagram, which 
shows the conditions at some particular instant, the pole edges would 
have to be sloped parallel to the other lines, but the dotted lines already 
drawn may stand for them if it 15 remembered that then different levels 
in the sloping spaces refer to the positions of the conductor at different 
instants of time. 

Several Layers. Toothed Cores.—When there are two, or 
more, layers to be represented, we may either represent them by 
separate diagrams for each, or divide the space between them. The 
latter is the simplest and best method, if the conductors at the same 
radius are enclosed between thicker lines and it is remembered that 
each of them fills the whole space between these lines. 

Similarly, when desired, the teeth of slotted cores may be shown in 
the diagram, so as to reveal exactly the position of the currents, but this 
is arefinement that is not as a rule necessary. 
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Example I.—2-Circuit, Singly Re-entrant, 2-Pole, Wave- 
wound, Drum :— 


Number of conductors or 


groups of conductors = G = 16 
Number of segments == 5 == 8 
m circuits = c = 2 
з windings = <= I 
j poles = р = 2. 
Average pitch = (то + с) [р = y = 7. 
where m= I. 
Front pitch = y —(nG-Fa)/pz у; = 7 
Back pitch => + (па + а)[р= у = 7 
where n = o. 
Brush width = b = o'8 segments for each 
of two brushes. 
Pole pitch = II = 8 groups = 4 segments 
Pole span == о = 075 0f1/ of circum- 


ference = 135°. 


WINDING TABLE. 


[v 4444419 


Since there are but two poles, the brushes are diametrically opposite. 
There are eight segments, or four per pole, hence diametrically opposite 
to the centre of a there is the centre of e. Hence the centres of both 
these segments are at the same level in the diagram, Fig. 1. The first 
circuit table is for the brushes on a and e, the index line of the negative 
brush being at the centre of a, and that of the positive brush at the 
centre of e. Тһе brushes are supposed to be of equal width, and sym- 
metrically set ; if this were not the case, the shorts at the two brushes 
would not start and stop simultaneously as shown in the diagram. 


CIRCUIT TABLE. BRUSHES ON @,e. OX on Diagram. 
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CIRCUIT TABLE. BRUSHES ON ha,de РО ол Diagram 


А lap winding for the same number of groups, taking у, == 7, апі 
уу = — 5, would have given a current diagram with exactly the same 
features, but the relative position of poles and groups for a given 
position о. the brushes would have differed considerably from the 
diagram for the wave winding. 


Example II.—Chord Winding. 2-Circuit, Singly Re- 
entrant, 2-Pole, Lap-wound, Drum :— 


G=16, 5:8, c=2,w=1,p=2,m=0,n=1,a=—8. 
y=(mG+tc)/p SEI. 

луу—(па-+а) [рет —4=— 3. 

т) + (nG +а)јр=1 + 45. 

b = 0'8 segments for each of the two brushes. 

П = 8 groups = 4 segments, 

с == 061 of 1/ f of circumference = 112}°. 


~ 


WINDING TABLE 
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CIRCUIT TABLE BRUSHES ON ha, de 


The diagram brings out clearly how the shorts are spread over the 
pole faces in the case of a chord winding, and how the up and down 


Ес 2.—Current Diagrams for Chord Winding, 2-Circuit, Singly 
Re-entrant, 2-Pole, Lap-wound, Drum. Two Brushes of 
Width = 08 Segment. G = 16; J=1; ју= - 3; њ= 5. 


currents are interspersed between the poles. The chord of the back 
pitch is equal to the pole span, which is less than in Example I. 
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Example III.—4-Circuit, Singly Re-entrant, 4-Pole, Wave- 
wound, Drum. 4 Brushes :— 


G=24, 5==12, C=4, W= I, р 4, M= 1, n =0, 4 =0. 
у=(тожојр ==7. 
I = ¥ —(nG +a)/}=7. 
y» y + (nG + a)l $ =7. 
b == 0'8 segments for each of four brushes. 
П = 6 groups = 3 segments. 
e = 075 of І | p of circumference = 674°. 


WINDING TABLE. 


асса иа сина 
219] ТоТ 1212] 


8 ^ 151221 с 12 
16 E^ 6 = 
2 24 14 j^ 21 


CIRCUIT TABLE. BRUSHES ON 4,4, $, J. 


There are three segments per pole. Hence when the index line of 
the first negative brush is at the centre of a, those of the other brushes 
are at the centres of d, g, and j, these being the third, sixth, and ninth 
letters after a. It will be observed from the circuit table that the 
shorts take place only through the connection between two brushes 
of the same polarity. Consequently, these must of necessity be joined 
together if sparkless collection is to be possible. 


WINDINGS BY MEANS OF WINDING, DIAGRAMS. 


Fic. 3.— Current Diagram for 4-Circuit, Singly Re-entrant, 4-Pole, Wave-wound, Drum. With Four Brushes 


Vor. 81. 08 


G=24; Э-ут)-7; 


961 
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A lap winding with y, — — 5, and y, = 7, would give the same distri- 
bution of current, but the relative position of the poles and numbers at 
any particular instant would be different. The shorts would also take 
place through the tips of the brushes. 


Example IV.—4-Circuit, Singly Re-entrant, 4-Pole, Wave- 
wound, Drum. 2 Brushes:—This is the same winding as in 
Example III., but there are only two brushes instead of four. In order 
that a short may be possible, the brushes must be wider than one 
segment plus two insulations. The width chosen is b = 1:6 segment, 
or twice that in Example III. The winding table, and other parti- 
culars, are the same as before. The brushes аге 90°, or three segments 
apart. 


CIRCUIT TABLE BRUSHES ON 222, ede. 


5% 44/4 ојиріи сд Sh) — 


cian 


CIRCUIT TABLE. BRUSHES ON 


The current diagram shows us that the shorts are no longer sym- 
metrically disposed about the poles. At the place which is between 
the brushes, the shorts are spread out as in a chord winding, while at 
the adjacent two, although close together, one of them 15 behind the 
centre line dividing the poles, and the other ahead of it. The fourth 
one, which is furthest from the brushes, is of the same character as 
before. 

The circuit tables reveal the great dissymmetry of the circuits them- 
selves. In the first table, one circuit has only two groups, while 
another has six. This will be to some extent counterbalanced by 
the fact the groups in the small circuit are in a most effective position, 
whereas some of those of the long circuit are almost idle. With a larger 
number of sections, although the absolute dissymmetry remains the 
same for a given ratio of brush width to segment width, it will be pro- 
portionally less. With a given relation between these, there will 
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always be positions in which one circuit will have four groups less than 
some other, and if the brushes are not exactly set, so that one short 
starts, or stops, before another, there will be positions where the 
difference is six groups. With a constant angle of contact of the 
brushes the proportional dissymmetry remains the same for any 
number of sections. These considerations indicate that it is preferable 
to employ four brushes with this type of winding. 


Example V.—2-Circuit, Singly Re-entrant, 4-Pole, Wave- 
wound, Drum. 4 Brushes :— 


G=30, sz15, с==2, ==, р=Аа m= I, n=O, а =0. 
у=(тождојр =7. 
y=y—(nG + a)/p=7. 
»=ў+ (nG+a)/p=7. 
b = 0'8 segments for each of four brushes. 
II — 74 groups — 31 segments. 
e = 0'75 of 1 f of circumference — 674°. 


WINDING TABLE 


pe que ^ [е] papeles qe 
| ]elve| | 217] [oļu] fete] joju] | 
a i 
A | 21 


8 |/.| 15 |22.] 0 | 28] 619 
18 |л| 25| 2121! 91:61: 
28|c| 5112117 |19 |26| ё 


CIRCUIT TABLE BRUSHES ON a, de hu lm.. 


7%) sh |5ејојијг] [2] 7] 2[ 7] 2] 2 | se| S |se | 


: 27+ 4411418 
zelzi 1al 74- d] - 
5257 


CIRCUIT TABLE BRUSHES ON 4, Ze, Az, 7. 


2 [2] 712] 712 [7] 52 sk se | 


27411-19 ! 
28+21 7 | 


The shorts:are symmetrical here with reference to the poles, and 
during most of the time the circuits are also symmetrical. But there 
will be a short time during which one circuit has two groups more than 
the other, as shown in the second table. This assumes that one short 
is finished just before another is started. If the reverse of this is true, 
then there will be one section (two groups) in each circuit less than 
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shown in the second circuit table, and there will be six groups shorted 
at each end the same as at the right hand of the first circuit table. The 
diagram shows the shorts starting at the same instant as another is 
stopped, due to the fact that the*brush width is 3 of the segment pitch 
plus one insulation. In that case, the unsymmetrical arrangement can 
only last for an instant during the change. The effect of other brush 
widths can be easily studied from the tables and diagram. 

In this example there are 31 segments per pole. Hence the index 
lines for successive brushes are this distance apart on the commutator. 
This explains how the position of the different rows has been obtained 
in the diagram. The different letters at the several brushes are easiest 
obtained after the left-hand portion of the diagram has been drawn. 


Example VI.—2-Circuit, Singly Re-entrant,4-Pole, Wave- 
wound, Drum. 2 Brushes :—This is the same winding as the last, 
but only two brushes of the same width as before, and 9o? apart, are 
used. The winding table and other particulars are as before. The 
minimum width of brush is a little more than the thickness of the 
insulation, just as in the case when four brushes are employed. 


CIRCUIT TABLE. BRUSHES ON e, de, 


[Se [ 2] У [ 2 [ 7 ои | 2 | У | 2 | у | 2 | 7 |o | 


CIRCUIT TABLE BRUSHES ON oa, de. 


Сз». е2 [0 о [оо [vol [о [о о [и | oly|Sse sk 


29-6 4 
2:24 17 19 - 


» CIRCUIT TABLE. BRUSHES ON oo, d. 


[ SR [S$e[e[v[e|v|e [7 [ 2 [ У [ 2 |v | 2 ]|v]| 2 | и | Se Sr | 
| [^ 


TABLE BRUSHES ON Ол, cd 


CIRCUIT 


Sh 15е о |о|о | о |о|и|ро|о|о|о|о|о|о|(о | Se Sh | 


F | 
- 22--Jo+z9+ 6 +13+20+27+ 4H 1 18+25- 24 -9416+23+30- di- -7- 14 ~ | 
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As this winding is one in common use, a complete set of circuit 
tables has been made, showing the circuits for all the different stages 
of commutation, starting with that at the top. The next stage after 
that represented in the fourth table is to break contact with a. "This 
takes place at almost the same instant as the previous one, viz., making 
contact with c, in the diagram, but for the tables it is assumed to take 
place later. After both these have taken place, the state of affairs 
again becomes the same as in the first table, but with different numbers 
and letters. 'If the brushes are assumed to be a little narrower than 
this, as in the previous example, the fourth table would be for the 
brushes on o, d, and there would then be no shorts. Those at the left 
hand of the third table would be thrown into the lower circuit, before 
those at the other end of the fourth table were taken out, and so the 
lower circuit would be longer than the upper by two groups, instead of 
being shorter by six. There would thus be less dissymmetry. 

We see that with only two brushes the circuits are never sym- 
metrical, whereas with four brushes they are only different for a little 
while between two shorts, or at the end of a short. Also, the distri- 
bution of the shorts is unsymmetrical with two brushes, but they do 
not last so long, owing to the fact that with four brushes, when a section 
gets away from one brush it is still shorted by the other. The greatest 
distance by which the shorts project over the active region is the same 
whether there are four or two brushes of the same width, but each of 
the four brushes might be made narrower than the two single ones, 
and then the spread of the shorts over the poles would be less for the 
greater number of, brushes. The substance of the remarks made in 
connection with Example IV. will also apply to this one. 


Example VII.—6-Circuit, Singly  Re-entrant, 4-Pole, 
Wave-wound, Drum :— 


G=38, s=19, c=6,w=1,p=4,m=1,n=0,4a=4. 
y=(mG+c)/p =8. 
у=ју—(пб+а)јр=8—1==7. 
у=у+( о + а) [2 =8 + 1=9. 

b = 0'8 segments for each of four brushes. 

П = 93 groups = 4} segments. 

e = 0°75 of 1 | p of circumference = 67}°. 


WINDING TABLE 


| 

| | | | | | | 

17 | 26| с | 33| 4 | 36| | 

| c | 14| A} 21 | 50] 5 | 37| 8| 2 | 
е | | 25| 34! 2 | 35| 6 

E | 29| 58 | а | | | 


The next step is like the first, but the short is on the left, and one 
line higher up. If the brushes are a trifle wider, the old short does not 
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CIRCUIT TABLE. BRUSHES ОМ а, ef jk, оу. 
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CIRCUIT TABLE. BRUSHES ON а, ел jk, 8, 
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disappear before the new one comes. The result is that the third 
circuit will have two groups less than the others, instead of two groups 
more, in the transition stage between the first table and the next with 
only one short. This winding could also be run with only two brushes, 
provided each is made wide enough to touch four segments at once, 
but the want of symmetry so produced would be even worse than in 
Example IV. or VI. 

Parshall & Hobart ' would call this a “ 2-Circuit, Singly Re-entrant, 
Triple-wound, 4-Pole, Drum," presumably because it has three times 
the minimum number of circuits possible with a wave-winding, and 
because it can be run with two brushes. Similarly they term the 
winding of Examples III. and IV. a *'2-Circuit, Singly Re-entrant, 
Double-wound, 4-Pole, Drum." 

Application to Alternators.—The same principles may be 
applied to the study of armature reaction in alternators at any instant. 
Instead of the lines for the commutator at the left hand, set there, about 
a vertical axis, the wave forms for the current and E.M.F., taking 
account of their proper phase relations. By projecting along from the 
zero current points on the wave, the positions of the conductors when 
the current gets reversed are obtained, but now all in one phase will 
reverse at once. Also, the positions of all the conductors for any 
instant, and the current in them at that instant, are at once obtained by 
drawing a horizontal line at the proper level. 

The effects of phase displacement, of wave form, and of distribution 
of winding can thus be very clearly shown. If there are several phases 
they may all be treated in the same way, the proper waves being all 
drawn together in proper relation, the current in any group being of 
course obtained from the wave for that phase. 

In the case of uni-slot windings especially, the teeth form a large 
proportion of the whole. They should therefore be represented in the 
diagram as well as the conductors, so as to get a proper idea of the 
actual distribution of the current. 


* Armature Windings. (London: Electrician Publishing Co.). 
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The Three Hundred and Seventy-fifth Ordinary General 
Meeting of the Institution was held at the Institution 
of Civil Engineers, Great George Street, Westminster, 
on Thursday evening, March 20th, 1902—Mr. W. E. 
LANGDON, President, in the Chair. 


The minutes of the Ordinary General Meeting held on March 13th, 
I902, were read and confirmed. 


The names of new candidates for election into the Institution were 
ánnounced, and it was ordered that the list should be suspended. 


The following transfers were announced as having been approved 
by the Council :— 


From the class of Associate Members to that of Members— 
Arthur Henry Foyster. 

From the class of Associates to that of Members— 
Bertram Hopkinson. 


From the class of Students to that of Associates— 


Cyril Renton Heron. John Ernest Schofield. 
Percy G. Moore. Maurice Arthur Wood. 


Dr. C. V. Drysdale and Mr. A. Schneider were appointed scrutineers 
of the ballot for the clection of new members. 


Donations to the Library were announced as having been received 
since the last meeting from Messrs. Macmillan & Co,, and to the 
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Building Fund from Messrs. B. Balaji, R. J. Browne, and F. A. Glover, 
to whom the thanks of the meeting were duly accorded. 


The report of Major-General Webber's Reply to the discussion on 
his paper, and of the vote of thanks to the authors of the three papers on 
* Electrical Shocks," that followed here, was published in part 156 of 
the Journal, p. 813. 


PROBLEMS OF ELECTRIC RAILWAYS. 


By J. SWINBURNE and W. R. COOPER. 


Argument.—Problem of short lines different from main lines. 
Paramount importance of acceleration and retardation in urban lines. 
Owing to capital invested in building urban lines quick service pays 
at great electrical cost. The present system derived from tramways 
unsuitable for railways. Improved constant pressure system more 
economical. Series constant current system still better, because there 
is no waste in resistance and most of the kinetic energy is returned in 
braking. Substations and transformations also avoided. "Three-phase 
constant pressure inferior to direct current in efficiency and con- 
venience. Simple alternating current inferior to improved direct 
current. . Dynamotor system expensive and inefficient. Electric 
traction not ready for main lines. Main-line problem entirely 
different. Acceleration unimportant. Difficulties in distribution. Con- 
stant pressure direct current costly in distribution. Constant current 
series saves substations and simple in distribution and working. Con- 
stant pressure alternating simplest of all in distribution, but trouble- 
some and inefficient on the train. Alternating and three-phase both 
prohibit varying speed. 

Conclusions.—Present tramway traction not suitable for urban and 
suburban railways, but electric equipment superior to steam and 
necessary for immediate future development on urban and suburban 
trafhc. Main-line problem not yet ready for serious treatment. 


INTRODUCTION. 


The electric railway has now been with us for a decade, 
and it has recently been developing rapidly in America and 
on the Continent. The first steam railway in this country 
to change is going to be converted to electric haulage as 
soon as the work can be carried out; and there is great 
activity in the direction of building “Tubes.” 

In all cases it has been taken for granted that the con- 
stant potential svstem which is employed for street tramways 
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is correct for railways; and the development is going 
rather in the direction of turning railways into big high- 
speed tramways. In many cases it has been considered 
that the railway of the future is to be a sort of glorified 
tramway with single, and perhaps double, cars running at 
frequent intervals, or at sight. 

One of the most dangerous results of the present develop- 
ment is that engineers are equipping individual railways 
without considering the effect on railways as a whole. The 
steam railways of the country are now all connected; and 
rolling stock of any one company runs over practically the 
whole system of British railways. The only thing that is 
necessary to secure this convenience is uniformity of gauge 
and sufficient height. The Great Western has now come 
into line with the other railways. Many engineers think 
that the Great Western had the best gauge, as it was chosen 
specially for railways, while the ordinary gauge is simply 
the survival of the stage-coach measurement. If electric 
railways become general, as there is no doubt they will very 
soon, uniformity in gauge is not enough ; we ought to have 
uniformity of electric supply, both as to pressure and 
current, and as to nature of supply, such as direct, alternat- 
ing, or three-phase. If alternating or three-phase is used, 
‘the frequency should be standardised also. 

It is proposed in this paper to urge for consideration 
the claims of series distribution of power for railways, 
especially for short lines, such as the Tube and suburban 
types. Ifs use for main lines will also be discussed, as it 
would be greatly against its use on short lines if it were 
useless on long railway systems. We will also mention 
shortly some other systems which may merit discussion. 

We are so accustomed to thinking of trains as going, 
that we may be rather apt to forget the importance of 
starting and stopping. Ina Tube railway, for example, the 
starting is the vital question. It is always easy to stop, as 
that is merely a question of brakes. 

The steam locomotive is an admirable machine for its 
purpose. It can give a great torque at starting without 
undue waste of energy ; and it can reduce the torque at 
full speed if desired, and run economically. This machine, 
however, is being replaced by the constant pressure motor, 
which can be made te give any torque desired, certainly ; 
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but which gives it only at great expense of power at 
starting. . 


URBAN LINES. 


Urban lines are characterised by a very varying load, 
the largest number of passengers being carried between the 
hours of say 8 to ro in the morning and 5 to 7 in the 
evening, the trains being comparatively empty during a 
great part of the day. There is no doubt traffic can be 
created, and the greater the facilities the greater will be the 
trafic. It is therefore essential that there should be a 
frequent service ; and not only frequent, but sufficiently 
rapid to make it worth people's while to walk to and from 
a station rather than to take another means of travelling 
which is nearer at hand. Successful traffic is always 
the result of competition. If a frequent service of 
this kind is fairly patronised during the hours of low 
load, then during the hours of heavy load the line 
is almost certain to be unable to cope satisfactorily 
with the trafic. This is seen іп the case of the 
Central London Railway, where there is much crowding 
just before and after business hours. It may be said that 
a little overcrowding of this kind does not matter, but that 
is not the case. It is certainly not of much importance to 
those who are able to use the terminal stations ; but it is 
very inconvenient to people who join at intermediate points, 
and who, rather than attempt to gain admission to over- 
crowded trains, will use some slower means of locomotion 
on account of greater comfort. Under these conditions a 
line may get a bad name along part of its route during the 
hours of heavy load, and may practically be turning away 
passengers. This is evidently bad policy if it can possibly 
be avoided, because the capital expenditure on urban 
lines is very heavy and they can pay a satisfactory dividend 
only if worked to a high capacity. The way in which 
trafhc may be created was shown very well on the Hart- 
ford-New Britain line (U.S.A.), on which it increased 
400 per cent. during the three summer months on conversion 
of the line to electric working with a reduction in the fare 
from 23 cents to ro cents. 

The capacity of a line with a given mean speed of 
running may be raised by increasing the number of 
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trains, but this method is limited owing to the distance 
headway between trains, and is bad owing to the 
fact that the rolling stock, power-station, and staff are all 
increased, and that capital so involved may be idle during a 
large part of the day. The better course, and in some cases 
the only course, is to raise the mean speed. This enables а 
more frequent service to be run without increasing the 
number of trains ог the staff ; there is, however, an increased 
load on the generating station, not only on account of the 
quicker service, but generally also on account of the 
greater speed. But in many cases this is only a small 
objection, because the cost of the generating and distributing 
plant is a small part of the total, and the cost of fuel is 
only one, and not necessarily the most important, of a 
number of items which go to make up running costs. Fuel 
is sometimes spoken of as if it were the controlling factor 
in these costs, but that, of course, is quite a mistake in 
railways of this kind, if an increase of capacity has to be 
considered on account of overcrowding. 

Consider, for example, the results obtained on the 
Central London Railway. Here the capital to December 31 
of last year was £3,681,313, and the train mileage for the 
year was 1,243,730, so that 5 per cent. on this capital 
amounts to 3554. per train-mile, which represents the 
difference that should exist between receipts and expendi- 
ture to provide this dividend on the train-mileage quoted. A 
figure of this kind has not yet been reached. At present 
the mean speed is about 22 km. (14 miles) per hour, or 
15% miles per hour including stops, the length of the line 
being 9:2 km. (5% miles) with 13 stations. The average stop 
at stations is about 15 seconds. It is noticeable that the time 
taken for the train to come to rest after the locomotive 
reaches the station is very considerable, being about 15 to 
20 seconds. The average headway is from 2} to 24 minutes 
at the busiest time. 

Let us now consider the effect of running trains half 
as fast again during the heaviest hours of traffic, so that the 
time of headway is reduced. We will assume that the 
effect of this is to increase the trafic, and therefore the 
receipts, by 20 per cent. The increase in car-mileage would 
not be so great if the service were uniform all day, because 
the increased speed will be maintained only during, the 
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TABLE I. 


FINANCIAL RESULTS OF THE CENTRAL LONDON RAILWAY. 


Six Months | Modification by 
to December 31, 1901. Increased Trafic- 


Train Mileage РЕ T i is es 614,517 | 737.420 
| Рег Ра 
Total. Train , Total. | Train 
Mile. · Mile. 
Maintenance of Way, Works and Stations. £ £ | 4 & | d 
А > Wages 2,1 | | 
Maintenance of Way... | МАЕ А | | 
Repairs of Structure, Stations, etc.. 976 | 
Salaries, Office Expenses, | and General | 
Superintendence  ... „1 332 | | 
4,180 | 1°634d. 4.500 | 1:460 
| h 
Locomotive and Generating Power. | | 
Coal and Coke ... .. ... ... ... | 13,664 | 
Wages... ве ен ee. 9,830 | 
Ой, Water, Gas and Stores ... wie x 1,895 | 
Repairs and Renewals 5% 5 мове чер | 


Salaries, Office ees and General 
Superintendence  ... - 


32,6601 12°7God. 1 36,800 11984. 

Repairs and Renewals of Cars. К | | 

Salaries, Office Expenses and General | i | 
i 


Superintendence jak 100 . 
Сав .. {Woe ap | 
ШИЕ qe рана А M LE. pi | | | 
| 4.838 , 18904. 5.500 | rd 
Trafic Expenses. | | | 


Salaries and Wages—Stations and Service | 19,153 
Fuel, Lighting, Water, and General Stores 7,220 
Electric fts—Wages and Materials ma 5,187 
Miscellaneous Expenses — ... $i 3,121 


General Charges. | | | 


Directors ' 12350 
Salaries of Secretary, "General Manager, 
And Clerks ш. «uo xe Ges a 2,756 
Other charges ... sis en bes e) | 2,510 
'—— | 6516! 25464. | 6515 | 2124 
Rents, Rates, and Taxes... fee =n Moe 6,535 | 2°553d. 6,535 | тізі 
Miscellaneous Items... i ne с» "T 1,132 | 04424. 1,132 | 934 
TOTAL. 90,543 |35'3754. | | 95983 | prt 
Revenue 5 Soh. 4. VR) MES 168,359 165:80d. нех | 6574d- 
| i 
Excess of Revenue over Expenditure | 77.816 i30425d. 106,017 | 34 Sod. 
Percentage of Total Expenditure to Revenue... 538 per cent. 475 per cent. 
Percentage of кон to ‚Саны for the 
Halt-year ... TN 43 >» 570 u 
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heaviest hours, say four hours per day, and will be un- 
necessary on Sundays ; but as the number of trains on the 
line is greater during the busy hours, we will take 20 per 
cent. as the increase in train mileage also. 

The accounts of the last six months, to December 31, 
are given in the accompanying table in the first three 
columns, whilst in the last two are given the accounts 
as modified by the assumed increase in traffic. In 
calculating these modified figures certain items may be 
considered as constant—for example, salaries. Thus the 
maintenance of way will not increase by as much as 20 per 
cent, the increase being chiefly in wages and materials. 
The locomotive and generating expenses would increase 
20 per cent. if the speed remained constant, but as the speed 
is higher we will assume the fuel to be increased 25 per 
cent., making an allowance for lifts, or by 43,400, and about 
4,750 to be added on account of oil, water, etc., and repairs, 
bringing the total to £36,800. The figure for repairs is 
increased to £5,500. The increase in the traffic expenses 
would be small, being chiefly in connection with the lifts, 
and therefore the sum of £34,681 is increased only to 
$35,000. The remaining items may be regarded as con- 
stant. We therefore arrive at a total of 405,083, or 
31°23d. per train-mile. The revenue, allowing 20 per cent. 
on receipts, becomes, say, £202,000, or 65°74d. рег train- 
mile. The expenditure is therefore reduced from 53:8 per 
cent. to 475 per cent. of the receipts, and the percentage 
of profit to capital for the half-year is increased from 4:3 per 
cent. to 5:76. 

It may be objected that this high-speed service cannot 
be run without adding to the generating plant and distribut- 
ing system throughout. But if a considerable sum, say 
£85,000, be spent for this purpose, and the wages be 
increased by, say, £1,000 for the six months, the percent- 
age of profit to capital for the half-year is still as high as 
5:6 рег cent. per annum. The result is, therefore, very 
appreciable, even if additional plant is necessary. Under 
certain conditions, as will be shown later, the load on the 
generating station is not necessarily very much increased. 

Let us now consider how a high mean speed is best 
attained. A journey may be divided into periods of accele- 
ration, of running at more or less constant speed, of 
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braking and of rest at stations. Taking the last item first, 
it is only necessary to say that the periods of rest are very 
important when the distance between stations is short, and 
they become increasingly so as the mean speed is raised. 
In the case of the Central London Railway, the trains stop 
on the average about 15 seconds at each station, which 
amounts to ro per cent. of the total time. If people are 
in some way informed what the next station is going to be, 
a stop of 10 seconds is generally long enough, especially if 
the cars are arranged, as on the Metropolitan of Paris, so 
that a door at one end is used for entering the car and one 
at the other end for leaving. 

The periods of acceleration, steady running, and braking 
are so closely connected together that we shall consider 
them all under the head of acceleration. 


Acceleration. 


Variation of Acceleration and Maximum Speed.—As far as 
economy of time is concerned, the higher the acceleration 
and retardation, and the higher the speed of steady running, 
the more satisfactory is the service. But the extent to which 
the acceleration can be increased is limited in three ways, 
(1) by discomfort reaching high acceleration may cause 
the passengers; (2) by increase in cost, not merely in 
. energy but also in generating plant and the distributing 
system ; and (3) by slipping, which can generally be avoided 
in practice. The maximum speed, as distinct from accelera- 
tion, is also limited Бу cost, not on account of the energy 
required to maintain the speed, which may be comparatively 
unimportant, but on account of the consumption in accele- 
rating up to that speed. Owing to the time of steady 
running being so short, the energy used in acceleration is 
far more important than that required during the remainder 
of the run. 

With regard to discomfort to passengers caused by accele- 
ration, it is worth while to consider the retardations at 
present used for braking. The following table, to which a 
column has been added expressing the retardations in 
metres per second per second, is reproduced from a paper 
by Mr. W. В. Potter.1 


1 Sirect Railway Fournal, vol. 13, p. 670, October, 1897. 
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In a report by Sir Frederick Bramwell and Mr. E. A. 
Cowper (1881) on Continuous Brakes, various retardations 
were recorded, that for working conditions giving a mean 
retardation of 1°05 metres per second per second, or if two 
seconds be allowed for the time elapsing between the signal 
being given and the application of brakes, a retardation of 
I'2 metres per second per second. 

High retardations are, of course, usual enough, but it is 
otherwise with acceleration. This is due to the use of the 
steam locomotive which does not give a large torque if 
built for high speed; and even though suburban locomo- 
tives are built for large torque and low speeds, yet the accele- 
ration is comparatively low. In the accompanying table, 
(Table III.) which has been taken from Mr. W. B. Potter's 
paper already mentioned, are given the accelerations used 
on several American railways, showing the values during 
the first 10, 20, 30, and 40 seconds after starting. Columns 
have been added to this giving the accelerations in metres 
per second per second. 

From these figures it is seen that the retardation in 
braking on steam railroads is much higher than the 
acceleration in starting. In the case of electric railways 
the acceleration is often a good deal higher than with steam, 
and this change has resulted in a very much improved 
service on many lines. For example, on the Nantasket 
Beach line (U.S.A.), a distance of 10:6 miles with sixteen 
stops is run in twenty-six minutes, or at a mean speed of 
244 miles an hour—a result that would be impossible with 
steam locomotives. The stations are about 0°6 mile apart, 
the maximum speed about 40 miles per hour, and the mean 
energy for the whole trip about 83 watt hours per ton-mile 
(180 kj. per tonne-kilometre). It will be noticed that 
this speed is very much higher than any we are accustomed 
to on urban railways in this country. Asalready mentioned, 
the mean speed on the Central London Railway is only 
_ about 14 miles per hour. On the City and South London 
Railway, Mr. P. V. McMahon: prefers an acceleration and 
retardation of 1°46 feet (0445 metres) per вес. and a 
maximum speed of 16:25 miles (26 kilometres) per hour 
with a distance of 2,700 feet between stations, giving speed 
conditions closely resembling those found on steam rail- 

* Fournal of the Institution of Electrical Engineers, vol. 28, p. 558. 1899. 
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roads., But it would be impossible to compete against 
modern electric tramways at such a low speed. 

Generally speaking, there is still a considerable difference 
between the accelerations and retardations used in electric 
traction. No discomfort is felt through rapid braking, and 
therefore there is no reason why an acceleration as high as 
I metre per second per second, or even higher, should not be 
used from the point of view of comfort. As far as con- 
venience to passengers goes, it is not so much the accelera- 
tion, as the time rate of change of the acceleration, that 1s 
important. When a train is pulled up quickly there is 
generally a rapid change of retardation at the moment of 
stopping, but as the passengers are as arule sitting down, 
this rapid change is not objectionable. In the case of 
acceleration, on the other hand, people are frequently 
standing, not having had time to find their seats. If an 
acceleration of, say, 0:8 metre per second per second 15 
applied, a man standing vertically must lean 439 in the direc- 
tion in which the train is going if he is to be in equilibrium. 
This is a sudden change. It should be clearly understood, 
however, that there is a difference between a train starting 
with a jerk, and the acceleration starting suddenly. The 
train starts perfectly smoothly even if the acceleration 
suddenly jumps to its fuil value and stays there, but a man 
standing feels a sudden change and has to allow for it. 
People that are standing should receive warning by a 
gradual increase of the acceleration. It is, therefore, more 
important that the acceleration should begin gradually than 
that there should be a gradual decrease of retardation at 
stopping. 

The effect of varying the acceleration, retardation and 
maximum speed are best shown by working out an actual 
case. 

We therefore assume a Tube railway with stations 0°75 
kilometre apart, and 17 stations, the line being 12 kilometres 
long. The stations would not in practice be equidistant ; 
but for simplicity we will assume that they are so. The 
generating station may be taken at one end, as such a tube 
would be run from a suburb into a city. Ina paper written 
by one of us for the Manchester Section of this Institution 
a similar tube was to some extent worked out on these 
lines, with a smaller acceleration, namely, о” m/sec.2, We 
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will take the same weight of train, namely тоо tonnes, ог 
100,000 kilogrammes, and for convenience we will express 
the results in the decimal system. 

Railway people measure distances in miles and chains 
and acceleration in miles per hour per second, and elec- 
trical engineers throw aside the chief advantages of their 
scientific metric units by using Board of Trade units, watt- 
hours per ton mile, horse-power, horse-power hour, and so 
on. If electrical engineers would only try, merely as an 
experiment, to use their own units, they would realise their 
beautiful simplicity. , In. dealing with such quantities as 
acceleration and kinetic energy they are specially con- 
venient. Itisalso a pity to make our work unintelligible 
in other countries, and to make it more difficult for us to 
understand the work of Continental engineers, who are by 
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no means idle in electrical traction. We have therefore 
used English units when quoting or dealing with quoted 
matter, but have otherwise worked in metric measure, 
placing English equivalents in brackets where convenient. 

Fig. 1 shows graphically the relations of some of the 
quantities we must deal with. The co-ordinates are speed 
and time. Constant acceleration is then an inclined straight 
line, and constant speed a horizontal straight line. The area 
of acurve or polyhedron is then the distance. The areas of 
all the curves should thus be equal to 750 metres. 

The line OB represents uniform acceleration at o:8 
m/sec.. At B the time is 30°4 seconds, and the train is 
half-way. If it is retarded at o'8 m/sec.? its motion is 
shown by the line BC, arriving at zero speed at 60:8 
seconds. The maximum speed is 88 km. (55 miles) per 
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hour. If the acceleration is stopped at a maximum speed 
of 7o, the trace is OF GH. The difference is only а 
second and a half, out of a minute, or out of 70 seconds 
including the time of stopping, which may be taken as ro 
seconds. Taking the kinetic energy at B (i.e, the energy 
used in acceleration) as 1, that along the trace F С 15 0:633. 
Thus 58 per cent. more energy is used if the maximum 
speed is raised from 70 km. per hour to the highest value 
possible under these conditions (88 km.), or there is a 
saving in energy of 37 per cent. if the lower maximum 
speed is used, with a loss of only about 2 per cent. in 
the time. If the maximum speed 15 further reduced to 
60 km. per hour, the trace O I J K is obtained which takes 
4 seconds more, but requires ohly 464 per cent. of the 


energy taken by the trace with the peak B consisting wholly 
of acceleration and retardation. 

In Fig. 2 there is a trace ODE shown. This is for an 
acceleration of 078 and a retardation of І; and needs 
58:23 seconds. The maximum speed is 93 km. per hour, 
needing 13:5 per cent. more energy, and saving about 
2 seconds. It is probably admissible to brake a little 
faster than to start up, and if electrical braking is used with 
the motors working at full load, the braking 15 more rapid 
than the acceleration in about this proportion. We will 
therefore adopt a retardation of approximately 1 instead of 
o8. OF LM and OIN P are the corresponding traces for 
maximum speeds of 70 and 60 km. per hour. There is 
obviously less saving of time in these cases, and neither the 
acceleration or retardation is quite so important. 

In the diagram Fig. 1, there are several dotted lines 
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representing different accelerations. The line об, for 
example, cuts the line of 60 km. per hour maximum speed 
at Q, at 277 seconds. IQ is thus 7 seconds. If the 
retardation is also reduced from o'8 to o^, the total time 
is increased 7 seconds ; if the retardation is not altered, the 
increase of time 15 3 IQ or 33 seconds. With a higher 
maximum speed the loss of time is greater, for instance F R. 

Another trace O S T U is shown on Fig. r. This is for 
. an acceleration of 0'4 (1:3 ft.) per second per second, and is 
for the purpose of comparison with the more usual practice 
of to-day. The retardation T U is at o'4 also, but V W isat 
o'5 to allow for electrical breaking with the same motors. 
X Y (Fig. 2) isfor retardation of т, for instance with air brakes. 

In practice it is impossible to run a train according to 
such a trace as O B C, consisting entirely of acceleration 
and retardation, because a certain time must be allowed for 
manipulation and errors of judgment. In practice also 
trains do not run at constant speed. They are always 
accelerating if current is on, and if they are coasting there 
. is retardation. Consequently the periods which we have 
called periods of running at constant speed are really 
represented by inclined rather than horizontal lines, though 
in comparison with the rates we are considering they are 
practically horizontal. 

The traces in Figs. 1 and 2 are drawn on the assumption 
that the acceleration reaches its full value at once. If the 
acceleration is raised gradually so as to give warning to the 
passengers, a trace is obtained like the dotted lines in Fig. 2, 
showing that there is a considerable loss of time. As already 
explained, it is not necessary to introduce a corresponding 
gradual decrease of retardation in stopping, and therefore 
loss of time need be occasioned only in starting. 

The effect of varying the quantities we have been con- 
sidering, is shown in a different way by Figs. 3 and 4. 
Fig. 3 shows the effect of varying the acceleration with a 
given maximum speed, each curve applying to one value of 
the maximum. Fig. 4 shows the effect of varying the maxi- 
mum speed with a given acceleration, each curve applying to 
one value of the acceleration. In every case the retardation 
in braking is r'o metre, except where the curves are dotted, 
indicating that the retardation is then 20 per cent. higher 
than the acceleration. It is seen by Fig. 3 that the higher 
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the maximum speed, the greater is the effect of varying the 
acceleration, and by Fig. 4 that the higher the acceleration, 
the greater the effect of varying the maximum speed. As 
the retardation with low accelerations is frequently not as 
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Fic. 3.—Effect of Varying the Acceleration with a 
given Maximum Speed. 


high as г'о metre, the effect may be even more marked than 
is shown by these figures. 

Energy and Power required for High Acceleration.—It 15 
well known that, for a given time between stations, the 
energy required by a train is less the higher the accelera- 
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tion, because the maximum speed is diminished. The 
problem which we are considering, however, is more 
general, namely, What effect has a decrease in the time 
between stations upon the energy consumed and the power 
required ? 


Fic. 4.—Effect of Varying the Maximum Speed with a 
given Acceleration. 


With a given maximum speed, assuming that coasting 
is adopted after this speed is reached, the energy 15 inde- 
pendent of the acceleration, the maximum kinetic energy of 
the train being by hypothesis constant. But if the maximum 
speed is increased, the energy used varies as the square ot 
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the maximum speed, so that the increase is rapid. This in 
itself, apart from the generating station, would not be impor- 
tant on an urban line where traffic could be created by a 
high-speed service. 

The maximum power, on the other hand, varies directly as 
the acceleration for a given maximum speed, and directly as 
the maximum speed for a given acceleration ; or, generally, 
the instantaneous power varies as the product of the accelera- 
tion into the speed. In Fig. 3 is also shown graphically the 
result of increasing the maximum speed from зо km. (18% 
miles) per hour to 50 km. (312 miles). The energy used in 
accelerating at the lower speed is 3,500 kj. (0:975 B.T.U.). 
Assuming that the remainder of the run is effected by 
coasting and braking, this is at the rate of 46 kj. per tonne 
kilometre (20:8 watt-hours per ton mile) supplied to the 
train (i.e., excluding losses due to motors, controllers, etc.). 
With the higher maximum speed the energy used is 9,700 kj., 
or at the rate of 130 kj. per tonne kilometre (57:5 watt- 
hours per ton mile). If the conditions are changed from 
30 km. and an acceleration of o'4 metre per sec.? to 50 km. 
and an acceleration of ro metre per sec.?, the time is 
reduced from 104 seconds to 68, or a saving of 36'4 per 
cent. But the maximum power which is applied to the 
train is increased from 330 kw. to 1,390 kw. 

Such powers are, of course, inadmissible, not only on 
account of the extent to which it would necessitate in- 
creasing the generating plant and distributing system, but 
also because the motors on the rolling stock would have 
to be much heavier. The load is also momentary, but 
this would not cause any difficulty with a frequent service, 
for which the total load would be fairly steady. Since the 
power is constant if the acceleration varies inversely as the 
speed, economy in power would be effected by allowing the 
acceleration to diminish in the usual way after a certain 
time, instead of keeping it constant. The speed-curve then 
would not rise so rapidly, after say, half-speed had been 
reached ; but the time so lost would be small and would be 
readily made up if the top speed is allowed to exceed the 
assumed maximum, the only disadvantage being that rather 
more energy is consumed as the maximum speed is higher. 

The method of saving energy by having stations on 
gradients leading up to them is of great value, though it can 
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be applied only to a limited extent. The energy saved 
depends on the vertical distance the train can descend, but 
in order that the gradient should considerably reduce the 
power required, it should be so arranged as to be effective 
when the speed is becoming high if the acceleration is 
constant, 1.е., during the second half of the time of accelera- 
tion, when there is the greatest demand for power. lf 
the acceleration is not constant, then the gradients should 
be arranged to have the greatest effect when the product 
of speed into acceleration is a maximum. This can be 
arranged with low acceleration, and effects a large saving ; 
but since the gradient can only be started outside a station, 
the greater part of the acceleration in the case of high 
acceleration is completed before the train is fully on the 
gradient, and the percentage saving is less. Moreover, it 
is only possible to construct the permanent way in this 
manner in the case of new lines, as it would generally be 
difficult and costly to make such an alteration on existing 
railways. 

Two methods present themselves of economising energy 
per train-mile when the traffic is light. Either the maximum 
speed may be reduced to, say, one-half, and the trains run at 
greater time headway, or shorter trains may be run. Since 
the energy varies as the square of the speed and only as the 
first power of the weight of the train, more energy is saved 
by the first method than the second, but this necessitates 
arranging the motors so that they will run economically at 
half-speed. The second method is better from the point of 
view of creating traffic, as the speed is maintained, and it 
has the advantage of reduced wear and tear; it is particularly 
suited to the multiple unit system in which the motor power 
is in proportion to the length of the train. 

The only way in which a very large saving of energy and 
power can be effected is by means of electric braking and 
return of energy to the line. A very high power in 
accelerating may in any case be avoided by diminishing 
the acceleration as the speed increases, as already stated ; 
but the energy used is still considerably increased by 
using a high acceleration, and also the size of the 
generating plant, this being at least in proportion to 
the mean energy required. The value of electric braking 
will be best seen by the examples which follow ; in which 
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its application to various parallel systems and the series 
constant-current system are discussed at some length. We 
shall, no doubt, be accused of taking a specially high ac- 
celeration because it shows the series system to the best 
advantage ; and that, it will be said, is the object of this 
paper. However that may be, the important question is 
how are such accelerations to be obtained economically. 
There is no doubt that they are of value and will become 
general fairly soon. Ме shall also consider the application 
of the series system to main lines in which high accelera- 
tion is not so important. 

In the cases considered, we have assumed accelerations 
approaching high retardations in value. A high retarda- 
tion is, of course, easily obtained without slipping, because 
all the wheels and all the weight are brought into action. 
The highest accelerations, however, may not be obtainable 
from a locomotive on account of the comparatively small 
amount of weight brought into play, though in tube rail- 
ways in particular the state of the rails is unusually favour- 
able to adhesion. Multiple unit systems, however, afford 
an easy solution of this difficulty, and have other advantages 
as well. 

We have also assumed, in the examples which have been 
given, that the tractive force required for running a train at 
constant speed is negligible compared with the force neces- 
sary for acceleration. If the resistance is 0'045 (10 Ibs. 
рег ton), the equivalent retardation is only 0°044 metre per 
sec.2, which does not materially affect the results on open 
lines. But as shown by Mr. P. V. McMahon, the tractive 
force in single-track tunnels rises very rapidly with the 
speed, so that three times the given value, or even more, 
may be reached at the highest speeds we have taken. This 
appears to be a slight objection to the single-track form of 
tunnel. 

The practical value of high acceleration has been shown 
very clearly by recent tests on the Liverpool Overhead Rail- 
way, particulars of which have been kindly supplied by the 
engineer, Mr. S. B. Cottrell. The total length of the line is 
105 km. (64 miles), with seventeen stations. Up to the 
present this distance has been run in thirty-two minutes, or 
at the rate of about 20 kilometres (124 miles) per hour. 

* Journal of the Institution of Electrical Engineers, 1899, vol. 28, p. 540. 
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Tests with new rolling stock have shown that this time can 
be reduced to 20'4 minutes, the time at stations remaining 
eleven seconds as before. The total weight of the train, 
including passengers, during the trial run was 46:3 tons, the 
total carrying capacity of the train being 154 passengers. 
The energy required increased from 250 kj. per tonne km. 
(110 watt-hours per ton mile) to 310 kj. per tonne km. (137 
watt-hours per ton mile) or 6°35 units per train-mile. The 
total cost of producing and transmitting this energy would 
be about 3d. per train-mile. In Table IV. is given a 
summary of the results obtained. 


TABLE IV. 


RESULTS ON THE LIVERPOOL OVERHEAD RAILWAY. 


——— 


| | Old System. | Accelerated Service. 

| Mean speed ... ... | 124 miles (20 kin.) 191 miles (31 km.) 
NO. of stops... ... | 16 16 
Mean time at stations | 11 seconds 11 seconds 


729 yards (666 m.) 729 yards 


Mean distance be- 
tween stations 


Watt-hours per ton ! 
mile "E IE 137 | 
| 
Acceleration ............ | б fect (0°44 m.) рег | 3 feet (o'gr m.) per 
sec.? sec.? 
Retardation ............ 1? fect (оі m.) per 48 feet (1'26 пл.) per 
sec.? | sec. 


An average acceleration of at least 3 feet (о01 m.) can 
be relied on, a maximum of over 4 feet (122 m.) having been 
recorded. Fig. 5 shows graphically the results obtained on 
a trial run between Brunswick Dock and Toxteth Dock 
on the Liverpool Overhead Railway. The gradients of the 
line are given on the distance diagram. There is only one 
curve which is at the beginning of the third section. 

The train used in these trials consisted of two motor-cars 
and one trailer, each of the motor-cars being equipped with 
two 75 kw. motors. A point of interest in connection 
with the motors (which are made by the English Electric 
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Manufacturing Company of Preston) is that they reached 
the unusually high efficiency of 93 per cent. at the full load 
of 75 kw., and that their weight is 4,200 lbs. or only 42 lbs. 
рег Н.Р. (25:4 kg. per kw.), which is a point of great im- 
portance in keeping down the dead weight of the train. 
With the motors, two in parallel, two in series, the current 
frequently rises to 7оо or 800 amperes. The motors will 
carry 80 amperes continuously without over-heating, but 
they carry three to five times that amount during periods 
of high accelerations. 
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Fic. 5.—Running Test between Brunswick Dock and Toxteth Dock 
ón the Liverpool Overhead Railway. 


Fig. 6 shows the value of the retardation used in braking, 
the test being made at Brunswick Dock. 

We will now consider various systems and their suit- 
ability for urban railways. 


Pressure. 


As to the pressure, 500 volts has the advantage of 
being safe; but from the shareholders’, and therefore 
іп the long run from the passengers’ point of view, it is 
more expensive in every way than a higher pressure. It 
is probable that the exigencies of transport will accustom us 
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very soon to treating a railway as a dangerous thing. We 
do not prohibit the use of locomotives because they kill you 
if you get run over ; people know that and keep out of the 
way. In the same way, when people understand that 
electric wires are dangerous at high pressure they will 
touch them at their peril. We will therefore assume a 
train pressure of 2,000 volts. - 
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Fic. 6.—Braking Test at Brunswick Dock, Liverpool 
Overhead Railway. 


Constant Pressure Urban Railway. 


We may now go into a comparison of the systems by 
taking special examples. Merely to get something definite 
to go upon we may take o8 m. (2:62 ft.) per sec.? as 
acceleration for the rapid trains we hope to travel in in the 
‘immediate future, and o'4 m. (r'3 ft.) per sec.? to get our 
comparisons into line with present-day practice. 

A little preliminary examination of the behaviour of 
motors is here advisable. The present practice is to use 
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series motors in pairs on constant-pressure circuits, generally 
at 500 volts. Suppose such motors are used for a train we 
wish to design to follow the (гасе ОЕТ, М approximately 
(Fig. 2). As the maximum speed is 19:45 m./sec. or 70 km. 
(43°75 miles) per hour, we might wind the motors to take 
their full current and give their full volts at that speed. To 
take round numbers for simplicity, we may suppose at the 
speed corresponding to 7o km./sec. the pressure is 500 volts 
and the normal current 3,200 amperes, 1,600 in each motor 
in parallel. It will also be assumed that the controller is 
such that the current is kept at exactly 3,200 amperes, and that 
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FIG. 7. 


the resistance of the motors is negligible. In Fig. 7, x is 
time and у is speed (in metres per second) as in Fig. 1, but 
y is also power, so as to give two traces on one plane. 

Case I.—At О the train starts with the motors in series, 
and soo volts and 1,600 amperes, or 800 kilowatts. As 
time goes on, when half-speed time is reached, at A all the 
resistance is switched out, and the motors are giving 
500 volts back-pressure (neglecting the resistance of the 
motors) OBCD then represents the energy used in 
getting to half-speed. Of this the triangle OC D has been 
converted into kinetic energy, and OBC has been wasted 
in the resistances. 

The motors are now put in parallel, taking 3,200 amperes 
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or 1,600 kilowatts. The area D E FG represents the energy 
taken, and of this CEF is wasted on resistance, the rest 
being used. The total waste in starting is thus}. If the 
motors had not been put in series for the first half of the 
acceleration, the energy would have been twice DEFG 
and the waste 3, demanding 25 per cent. more energy. 

We can imagine the driver to coast along S P, or a path 
close to it, till he reaches the line PR, when he brakes. 
He would probably leave the motors on a little after 5, 
going up, say to T, and then coasting down T G, but we 
can for simplicity imagine he has got to Р. Assume braking 
with series machines possible for the moment. The machines 
would be put in series, giving 1,000 volts, and resistance 
would be inserted to keep the current 1,600 amperes. The 
motors acting as dynamos then return 1,600 amperes at 
500 volts for half the braking time. That is an area equal 
to OBCD, and is half the kinetic energy of the train. 
The motors cannot brake below half-speed, so further 
braking is done by friction. The total efficiency is 
thus 0'5. 

Case II.—The starting тау be made more efficient by 
choosing a lower speed for cutting out the last of «the 
resistance. Thus, if the controller is not altered at S the 
train would go on accelerating, though not uniformly, and 
this acceleration would be economical, as there would be 
no resistance waste. The acceleration would depend on 
the characteristic of the motor. For simplicity,. let us 
imagine hypothetical motors without resistance, and with 
such permeable fields that the pressure varies as the speed 
and as the current. We would then probably arrange 
the normal speed of the motors, that is to say, the 
speed at which they give 500 volts with 1,600 amperes at 
say LI. The acceleration curve of such motors on con- 
stant pressure can be shown to be a cubic JI K. The 
curve touches the line of uniform acceleration. The part 
JIK starts with an infinite current, and the current is 
above our normal until I is reached. After that, the 
acceleration and current fall off; but throughout the curve 
the efficiency is т, as there is no resistance waste. If 
O L is 2 of OG, the energy up to that point will be $ of 
the total energy due to the speed GF, and this energy 
will again have been obtained at an efficiency of $. The 
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other 3 will be obtained at an efficiency of 1, with a slight 
loss of time, as the curve ІК sheers off the line OF. 
If the kinetic energy of full speed be called 1, the first 
method described takes in 14, wasting 3 and then returns 3, 
wasting the other 4. The intake is 13, the return 3, and 
the loss r. The latter arrangement takes in % up to J, 
wasting %, and then takes in from I to M 3, wasting попе. 
It thus takes in, altogether, 4} and wastes only $, so that the 
efficiency is so far 0°82. But we come to a difficulty in 
braking. Braking with these hypothetical dynamos would 
be impossible, as they would be unstable. For series 
machines to act as dynamos on a rcsistance and back 
pressure combined, they must depart radically from our 
hypothetical machines. We must therefore forego any 
return of energy by braking. Our total intake is thus !J or 
1:22 instead of 1'5, but we return nothing, so we keep 1:22 
instead of 1. Having regard to the size of the station, it is 
probably better to use 1°22 returning nothing than to draw 
I'5 and return 0'5. Moreover, braking even with specially 
designed series. machines would be very troublesome, 
requiring complicated gear. Very accurate and gradual 
adjustment of the resistances would be also necessary, and 
the system is not at all practical. The motors would also 
wear more at their comnmutators. Our return and efficiencies 
are also hypothetical, and too high. 

The nominal object of this paper is mainly to compare 
series working with existing systems, and in order to do so 
properly we must be fair to the present systems. and give 
them every chance we can. Electrical return braking is 
not used now, but neither are the large accelerations we 
contemplate. "With large accelerations and high speeds on 
short journeys the return of energy by braking becomes of 
much greater importance. The real object of this paper is 
not to advocate any system in particular to the exclusion of 
any other. 

Case III.—Shunt machines have been used for returning 
energy by braking at constant speed. Three-phase motors 
work as brakes in the same way, but merely as a con- 
venient method of braking, not because the energy is 
valuable. This practice has only been in connection with 
constant speed, and in the case of three-phase is clearly 
only possible under that condition. 
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But we may wind shunt machines, with weak fields, to 

have their normal current, and normal fields at I in Fig. 7. 
_ The treatment from O to I is then the same as in the 
case of series machines. At I, the machines are left on with 
no resistances. If left alone the trace would then start off 
on a horizontal line. But if the field is weakened by a 
rheostat controlled by the main current, the trace will follow 
the curve to M with the same results as to efficiency. As 
the field varies with the current the machine is as spark- 
less as an unsaturated series motor, and perhaps more 
sparkless than those now in use. 

On braking the motors are quite stable, and the braking 
trace is practically the reverse of the trace О I M. Again, 
taking the kinetic energy of full speed as 1, the motors 
return 3 down the curved part corresponding to I M, and 
from I to N the return is 4. From N to O it 15, of course, 
zero. Оп this system the motors take in М), or r2, and 
return 2, or 0°77, using $, or 0°44. 

Case IV.—If a series motor is placed on a constant- 
current circuit, it requires no resistance for starting, and it is 
brought to rest by merely short-circuiting. When this short- 
circuit is opened the constant current passes in the machine, 
which starts up with constant torque and maintains this 
torque at all speeds so long as the current in the fields is 
not altered by shunting. Thus the usual form of controller 
is not required, and there are no controller losses. Con- 
sequently if urban railways could be run by series motors 
on constant current, one of the most serious causes of loss 
would be avoided. Moreover, if the armature of such a 
motor is reversed when running, it returns energy to the 
line; and since the current remains the same, the torque, 
on braking, is the same as for acceleration (neglecting 
losses); and therefore retardation is the same, and is main- 
tained up to the point of stopping. Thus the motors take 
in I, the waste is o and the return is 1. 

We may compare the results so far obtained. Taking 
the kinetic energy as 1, we have:— 


Taken. Waste. Return. 
I. Series with electric braking 4s DS ww КЕ .. 2075 
II. Series without ,, қ uu. Го ли #22. ыс 0 
IIT. Shunt with Є ue T2 о OR. uw OF 


IV. Serics constant current system ec Eo we 50 se <I 
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We will, therefore, select III. for our typical constant- 
pressure system, at least for high speeds on urban lines, in 
spite of its not being in use, as we thus give the constant- 
pressure system at least a very fair representation. It must 
be borne in mind that we have so far been discussing hypo- 
thetical motors without resistance ; in practice nothing like 
these results can be obtained. 


Constant Pressure Rapid Urban Train. 


Case V.—We may now work out a more practical case 
of an urban constant-pressure equipment to fit the trace 
OFLM of Fig. 2 approximately. We will assume that the 
motors dre shunt, and lose 4 per cent. in their fields, 4 per 
cent. in their armatures, and 8 per cent. by mechanical 
losses, making an efficiency of 84 per cent. at their normal 
speed and current. 

Taking the train at 100 tonnes (98:5 tons) and the accele- 
ration at 0'8 m/sec.? the pull is 8,000 megadynes (8,150 kilos, 
or 18,000 łbs.). At the normal, ог I of Fig. 7, we will take 
O to I, 15 seconds as a convenient round number, the corre- 
sponding velocity being 12 m/sec. (43 km. or 27 miles per 
hour). The power is then 8,000 x r, 200 x 10-4 kw., or 
960 kw. At 2,000 volts this means 480 amperes. The 
motors must therefore give a torque on the axles equiva- 
lent to 960 kw. at 12 m/sec. (43 km. per hour). No allow- 
ance has yet been made for train resistance. We may take 
250 kg. (5:6 lbs. per ton), or, to make round numbers, 
250 megadynes (255 kg., or 565 165.) as the pull needed to 
overcome train resistance. This figure is so small in com- 
parison with the acceleration pull, that we may take it as 
constant without appreciable error. At a speed of 12 m/sec., 
250 megadynes are equivalent to 30 kw. The motors must 
therefore deliver 990 kw. to the axles at 12 m/sec. As the 
motor efficiency is 84 per cent., 1,178 kw. must be drawn 
from the line, or 589 amperes at 2,000 volts. For 74 seconds, 
therefore, the motors take in 589 kw., and for 73 seconds 
1,178; and then we reach the point I, having taken in 
13,250 kilojoules (nearly 3% units). From I to full speed 
namely, 19:45 m/sec., means an increase of kinetic energy, 
which, with the traction, amounts to 12,000 kj. We may 
take this, at 0°84 efficiency, as 14,400 kj. (39 units). To 
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go along the flat part of the trace by turning on the motors 
for a moment and coasting will take, say, 500 kj. Our total 
intake is thus 28,150 kj. (7°83 B.T.U.), and the kinetic 
energy is 18,900 kj. 

On braking down to I the motors return approximately 
9,600 kj. (2°67 units). During half the rest of the retarda- 
tion the return is 2,940 (0°82 unit), making a total of 12,540 
(35 units). So, taking the kinetic energy as 1, we take in 13, 
waste 2 and return 2, which is approximately the same as 
our hypothetical but impossible Case I. 


Constant-current Rapid Urban Train. 


As far as we are aware the series constant-current system 
for traction was first proposed by Fleeming Jenkin, and 
was used in early days for electric tramways, but on 


Generators. 


Fic. 8.—Series Constant Current System. 


account of its complication in this case it was abandoned. 
M. Blondel more recently suggested the system for electric 
railways, but nothing seems to have come of the proposal. 

As the system is not well known, we will give a brief 
description of it. Two conductors divided into sections 
are necessary throughout the line. Іп Fig. 8, Ay, A5, A4, А; 
are sections of one of these conductors, and В,, Ba, B, В; 
are sections of the other. At the end of each section there 
must be a switch to connect to the next section ; and if a 
section has no train upon it, it must be short-circuited, as 
indicated by the dotted connections. "The figure shows 
trains T, and Т, on sections А, and А, The circuit is 
therefore along B, until the motors of the train T; аге 


* Electrical World, vol. 31, pp. 21-23, 1898. 
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reached. For the remainder of the section the circuit 15 
along А, then through the short-circuited section A,—B,, 
through the motors of the train T, on the section A;—B;, 
and finally through the short-circuited section A,—B, to 
the generating station. 

Advantages.—The merits of the system may be sum- 
marised shortly :— 

I. The efficiency as regards loss of energy by controllers 
and return of energy to the line is high. 

2. The all-over efficiency is high, because there is no 
transformation between the dynamos in the generating 
station and the motors on the train. 

3. The torque is constant, and may be so maintained as 
long as desired. 

4. The torque may be varied at will by shunting the 
field, or by varying the position of the brushes. 

5. The control is simple, because the current is constant 
and need not be large. Therefore the controlling gear is 
light and inexpensive. In order to get more variation of 
torque than may be convenient by the methods just men- 
tioned, two motors may be used, these being placed in series 
at starting, and one of the motors short-circuited after a 
time ; finally, the motors may be run in parallel, thus giving 
I, 4, and 1 as the relative values of the torque. 

6. There is a marked economy of copper under certain 
conditions. 

7. Collection of current should be simpler than with the 
usual parallel systems as it is smaller. 

8. High pressure in transmission is likely to be more 
easy to handle than by alternating current, as the dielectric 
is not subjected to an alternating stress. The highest pres- 
sure which M. Thury has used on his transmission lines 
appears to have been 22,000 volts, but there is no reason 
why higher should not be used. 

Disadvantages.—1. The greatest difficulty 1s the neces- 
sity for careful insulation of the motors. With stationary 
motors this is a comparatively simple matter, the foundation 
being suitably insulated, and the shaft being insulated from 
anything which it is driving by a Raffard coupling or other 
means. The insulation would not be so simple on a loco- 
motive, but the difhculty could probably be overcome if 
the constant-current system shows enough advantages. 
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2. Double contacts and double conductors are of course 
necessary, no earth return being available. These are no 
doubt undesirable, but they do not form a vital objection. 

3. The loss due to the resistance of the line is constant, 
and therefore the percentage loss increases with light load ; 
but since traction systems seldom work light, this point 
is not important in the case of urban railways. In main 
lines, it can generally be kept low with a little care. 


Case VI.—1f we follow the same trace О Е L М опа 
series system at constant current, the motors are taking a 
maximum power at F. The maximum power is a serious 
consideration, as it determines the size of the plant. We 
wil therefore run with two motors in series up to 12 
m/sec. and then run with a single motor, at half accelera- 
tion : or we may follow exactly the same curve as our shunt 
machines, by weakening our fields by shunting them, so 
that they take constant power. As the current is constant, 
that means constant pressure, of 2,000 volts. Taking the 
motors and gear as having 84 per cent. efficiency, at 12 
m/sec. (43 km. or 27 miles per hour) we get 2,000 volts and 
589 amperes. From start to 12 m/sec. the motors take in 
9,550 kj. (2°63 units). From 12 to 19°45 m/sec. they take 
14,400 (4 units) and along the top 500, making 24,450 
(68 units). On braking, the motor, returns 9,600 (2°57 
units) down to 12 m/sec., and after that returns 6,000 
(1°67 units) more braking to a stop; making 15,600 (4°33 
units) returned. We thus have r3 taken in, 0'49 wasted, 
and 0°83 returned. This system thus comes out consider- 
ably better even than the special shunt. But it must be 
remembered that that shunt system is new, and, as far as 
we know, nothing like it has been in use. 


Ordinary Series System on Constant Pressure. 


Case V1I.—Present practice would demand series motors 
on the constant-pressure system with no return. The 
corresponding figures would then be r5 taken in, 15 
wasted, o returned. The constant-pressure intake is 15 
per cent. more, and its waste more than three times. 


DISTRIBUTION AND PLANT FOR RAPID URBAN SYSTEMS. 


The constant-pressure system has 2,000 volts, and cur- 
rents varying up to, say, боо amperes per train. | If the 
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trains work at 2 minutes headway, allowing as margin go 
seconds per station, a train takes 24 minutes from end to 
end, and we may consider that 12 trains are on each line at 
a time, making 24 running. 

The constant-pressure system has up to 2,000 volts per 
train, and a current of approximately боо amperes. It is 
hardly necessary at the present stage to discuss the cost of 
distribution or of the plant installation. As to distribution, 
il is a simple matter if we use 2,000 volts on a line 12 km. 
long. Such a railway would naturally be worked on the 
three-wire system, so we would really have 4,000 volts. 
There would be no sub-stations, three-phase converters or 
transformers. The system of distribution for the series 
constant-current system requires a little more consideration. 
lf we use a maximum of 2,000 on any train we may have 
a very much higher pressure in the line; for instance, we 
may work up to several thousand, say 10,000 volts. If the 
2,000 volts is the highest we can make motors to suit, and 
if there is no other limit, we can obviously go up to any- 
thing within reason. As the average back pressure is 164 
volts per train with 600 amperes, 4,000 volts would run the 
whole railway in series, provided the trains were carefully 
regulated as to time. With an earthed middle, this means 
2,000 volts each way. But such regulation is quite out of 
the question. We would probably need to have 8,000 volts 
available, or even more. Each line may be worked with a 
maximum of 4,000 volts. 

As to the station plant, the series is clearly smaller ; but 
it is also of an unusual character. The dynamos are series- 
wound, driven by engines at constant torque with variable 
speed. Such engines are more economical and last longer. 
But there is a further difference. The constant-current 
system has little more than half the average output; and 
has therefore approximately half the coal consumption, but 
the size would be about two-thirds, for though the series 
trains take little more than half the energy, they take the 
same maximum loads, though they keep them on for a 
shorter time. Compared with the constant-pressure system 
with series motors, and no return by braking, the series 
system needs only about half of the plant at the generating 
station. An overload cannot occur on the series system. 
If all the trains started at once they would merely run slow 
till the matter righted itself. 
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Constant Pressure Slow Urban Train. 


Case VIII.—We will now come to something more 
like present practice, and we will assume an accelera- 
tion of o4 m. (r3 ft.) sec». and соо volts. As the 
acceleration is smaller, we will assume that the braking 15 
not done electrically; and that the motors are series- 
wound, giving normal back pressure at 2 of full speed. 
It is difficult to take a case from actual practice, because 
actual practice depends so much on the idiosyncrasies of 
the *train-boys." Тһе train-boy may do almost anything 
in the way of wasting energy. In addition, the resistances 
go in steps, and it 1s not possible to work with constant 
current on a constant-pressure system. For the purposes 
of comparison only, we will go on with the same sort of 
assumptions in all cases. 

If the maximum speed is taken as 43:2 km. (27 miles) 
per hour, the motors may be designed for full current at 
8 m/sec. We need not give the calculations ; the result 
comes out that the train absorbs 11,000 kj. (3°06 units) 
between stations. 


Case IX.—The series-constant current system absorbs 
8,500 and returns 6,050, thus wasting 2,450. The kinetic 
energy in both cases 15 7,200. So the low-speed constant- 
pressure, Case VIII., takes roughly 1°5, wastes 1°5, and returns 
o. Constant-current series, Case IX., takes 1:2, wastes 0°35, 
and returns 0:85. The time may be taken at 95 seconds. 
The average power taken by the parallel system is 116 kw.; 
by the series constant-current, 26. The maximum power of 
both systems 1s 404 kw. 

The trains being slower, we may allow 3 minutes head- 
way making 16 trains running. If the system is divided 
into 4 sub-stations, the parállel will have an average output 
cf 464 kw.,and a maximum possible output of 1,616 kw. 
The series has an average of 104 and a maximum of 1,616, 
which is troublesome, but there is much less chance of the 
series coming up to 1,616. It would probably be safe to allow 
for 1,200 kw. for the parallel, and 9oo kw. for the series. 
The parallel system must therefore handle a current of 1,200 
amperes, and the series доо. It is assumed that the three- 
wire system is allowed with 500 volts each way, as the 1,000 
volts is then between different tunnels. The series constant- 
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current system is at a considerable disadvantage compared 
with the parallel in the cost of distribution. For a given 
maximum such as 500 volts each way, the conductors are 
twice as heavy. The maximum loss is always going on in 
one half while the other is idle, so a lower current density 
should be allowed. "Working with 9oo amperes and allow- 
ing, Say 150 amperes per square centimetre, we would need 
I2 square cm. extra along the railway, for series, say 
2 square inches. This amounts to nothing appreciable in the 
cost of the railway, and is quite insignificant in comparison 
with the saving of plant. 

In the sub-stations, the parallel system has transformers 
with no moving parts, and converters in motion. The series 
system has moving converters only. As they are for smaller 
output than the rotary converters, they would cost about the 
same. 

We may now summarise the results so far obtained for 
urban railways, first completing the table for comparison :— 


TABLE V. 
ENERGY REQUIRED BY VARIOUS SYSTEMS (KINETIC ENERGY OF 
TRAIN = 1). 
Case. | anum | B. dun SCIES Waste. к= 
E | СА ај ub эй 
ЕТЕП d 1580 о | 155 | 1 | os | 
II. braking о. electric di 1,035 | 250 | i => 5 
. me | 
III. Un hund 1035 | ва | г? | oq | 08 | 
IV. | Series Constant Current : А 
with electric braking. | | 1,035 | її. 5 à | 
p Vei Sees БАР Li а | 175 | 15 ову ов 
VI. о шо кре | | 1,178 ' 104 | 13 | 049 | 083 
VII. |Present Motor Rapid 
Urban Service 1,178 | 312 | г5 r5 | 0 
VIII. | Series Motors on Con- 
stant Pressure Siow | 404 | r6 | 15 115 О 
Urban Service | | 
IX. |Constant Current Slow | ) : | 
| Urban Service | | 404 | 26 | га | 035 | 985 | 
НОМИН с емы ыыы ENIM NS КЕРЛЕР а 


VoL. 81. 67 
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Cases I., 11., 111., апа IV. are hypothetical cases for 
rapid urban work. 

Cases V. and Vl.are practical cases of rapid urban work: 
but the constant-pressure system, Case V., is altered by the 
adoption of a special shunt motor system which is not in 
use. In spite of that the series system, Case VI., has little 
more than half the average power, to give the same speed. 

Case VII. is rapid urban with series motors on constant 
pressure and no return of energy on braking. 

Cases VIII. and IX.are parallel and series for slow urban 
railways as at present used. The series system takes less 
than a quarter of the power. 

Against the series system generally, it may be urged that 
it is untried, and demands special switeh-gear, and a dis- 
tributing system which has not yet been worked out. 


MAIN LINES. 


General Cousiderations..— The problem of the main line 
is radically different. In the first place, we have to deal 
with goods and mineral traffic as well as passengers, and 
we thus have to handle loads of widely different speeds. 
We also have to allow for facilities for shunting. Sidings 
introduce great complications in the way of electric con- 
ductors, and it is probable that it would pay better to work 
these by steam or accumulator locomotives instead of 
including them in a main line net-work. In addition to 
gravity shunting, there are other methods worth considering, 
but they would make this paper too long if discussed now. 

The capital expenditure on railways in Great Britain and 
Ireland per mile of route (i.e, disregarding the number of 
tracks) is at the rate of £45,300, or less than one-tenth of 
the expenditure on the Central London Railway. This at 
once shows that any outlay on a generating station for a 
main line is a much larger proportion of the total capital 
than it is in the case of tube railways, and is therefore of 
greater relative importance. 

In considering the traffic which passes over a main line, 
we see at once that it is very much smaller per mile of route 
than on urban lines. In other words, main lines are not 
worked to their full capacity to the same degree as an urban 
line, and cannot create traffic to the same extent. 
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The working costs of steam railways for 1900 as given 
in Table VI. are of interest, and may be compared with 
those of the Central London Railway given in Table I. 


TABLE VI. 


COST PER TRAIN-MILE ON STEAM RAILWAYS DURING 1900. 


Pence 


per train-mile. 
Maintenance of way 42% Pd p .. 5°69 
Locomotive power sss "s si s 1152 
Rolling stock 52; sii а әш sc 5300 
Traffic expenses ... К — ... we 11'54 
General charges ... ері 8 Е s “1747 
Rates and taxes  ... у ee wad me 224 
Government duty ... si ies — is, 1021 
Compensations : 
Personal injuries — i "e S. 0°20 
Damage to goods is 52% sees ОТ 
Legal and Parliamentary Sxpenses 55 e. 018 
Miscellaneous "A T ia Я we 0.39 
Total ... e -. 3684 


At first sight it will be said that the comparison is not 
favourable to electric traction. But there are two items 
which might possibly be reduced. Thus the maintenance 
of way would probably be less than with steam, on account 
of reciprocating motion being avoided and, probably, the 
use of lighter locomotives or the multiple unit system. The 
locomotive expenses for steam traction are already less than 
the figure for the Central. London Railway, but it must be 
remembered that the latter includes energy required for 
lifts. Consequently it is very possible that this item might 
be lowered by electric traction. It is 1mpossible to compare 
the costs of traffic expenses, because the conditions are very 
different. Possibly this item might be reduced to some 
slight extent. 

Summing up, we may say that, although an increase of 
trafic would result on the suburban parts of a main line in 
the adoption of electric traction, it does not follow that 
there would be a large increase on main lines proper. The 
success of electric traction on main lines must therefore 
depend largely on a reduction of running cost. In other 
words, the question of all-over efficiency of distribution is 
much more important on main than on urban lines. Itis 
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wholly a financial question, and it follows that, neglecting 
any increase in traffic, the reduction in running costs must 
be enough to pay for the extra capital. It is too often 
assumed that electric traction on main lines is necessarily 
advantageous, but such is not the case. Of course, it is 
imperative, in the first instance, that the traffic density 
should be above a certain figure, otherwise the running 
costs will be increased rather than diminished. 

It must be remembered, however, that we have about 
reached the limit of speed of steam-drawn trains. Our 
gauge is unfortunately less than modern railway engineering 
demands, and it is impossible to alter it now. The tunnels 
and bridges also cramp us. Electric equipment, however, 
gives us as much power as we can want on a train of present 
height and gauge, and in addition gives it with steady 
running. The first demand on long lines to be met electri- 
cally, will probably be rapid expresses, and it is with that 
in view that we have taken 1,000 kilowatts as supplied to 
each train. 

Saving of energy during acceleration, and its return 
while braking, are no longer of paramount importance. The 
parallel system, therefore, seems to have the advantage in 
every way. There are, however, two factors which come in 
its way. In long-distance railway work, the maximum 
power is needed at the highest speeds. Either system can 
be designed to supply that; but the parallel has less 
flexibility as to speed. If the motors of an express engine 
or train are designed to take their full current and give their 
maximum power at, say, 100 km. (62°5 miles) per hour, to 
work them at 80 km., 20 per cent. of the power must be 
wasted in resistances. The three-phase system is most 
unfortunate in this respect, for its proper speed is perfectly 
definite. Тһе constant-pressure direct-current motors, if 
series-wound, can be wound for a little less than full speed, 
as already described in connection with urban railways; 
and if the train is over-motored, the top speed can be 
obtained economically. Nothing like this can be done with 
the three-phase system. A train once late can only make 
up time by shortening its stay at stations. The series con- 
stant-current system gives a perfect solution of the problem. 
The motors give the maximum torque normally even at 
the highest speed. If a lower speed is needed, one, motor 
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is used, giving half the torque; or two motors in parallel, 
giving a quarter of the torque. Bv alternating from one 
arrangement to the other, any speed can be obtained 
economically. Shunting the fields gives a further adjust- 
ment. 

There is another question to be considered, and that 
refers to the limits of pressure. Shunt motors cannot well 
be made for high pressures. Even 2,000 volts is very high 
for shunt machines. For 2,000 volts probably four machines 
in series would be used. Their armatures could be coupled 
in parallel or series. Whether series or shunt, there is next 
the difficulty as to the pressure possible on the commutator. 
If there are two motors and they have to be in parallel, from 
1,000 to 2,000 volts would be practical ; but it would hardly 
be advisable to go higher, at present at any rate. We can 
hardly, therefore, utilise a higher pressure than 2,000 volts 
on the constant-pressure system. On the constant-current 
series system, as long as we do not have more than 
2,000 volts per machine, or 4,000 per train if we have two 
motors, there is no limit to the pressure that can be used. 
It must be remembered that if there are two motors in each 
case the series constant-current system can always have 
twice the pressure of the constant pressure, as in this system 
the motors are in parallel on the full pressure, while in the 
constant-current series system the motors are only in parallel 
on low pressures. To deal with high pressures such as 
10,000 volts, the motors must have suitable insulation, or 
the whole motor must be insulated, working through a 
Raffard or some such coupling. Such a coupling has 
already been proposed, and with certain modifications 
used, to convey the power from a spring-borne motor to 
the axle. 

We may take a passenger train as needing r,ooo kw. at 
its maximum speed. This is more than is used at present ; 
but there can be little doubt that higher speeds will be 
adopted as soon as they can be obtained. Compared with 
the powers we have been considering in connection with 
urban railways, no one can object to 2,000 kw. on a main 
line express at the high speeds of the future. The power 
here is used to overcome traction resistance, not to get up 
speed, or kinetic energy only to be dissipated again almost 
immediately. We may for the present discuss r,ooo kw., 
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which is roughly half as much again as the power of an 
express engine. 


Constant Pressure Main Line. 


We may thus take it that we have to supply 2,000 volts 
and 500 amperes per train. As all the four rails can be 
used as intermediate conductor, and the three-wire system is 
available, the conductors have to carry 500 amperes per train. 
There is no reason why goods and mineral trains should not 
have the same power. It makes no difference to the distri- 
bution if the goods trains take less power and are more 
frequent. As they go slower they can have a smaller 
distance headway if there are no passenger trains. "Though 
the trafic near the terminus may be considerably greater, 
we will take only from two to three trains an hour as a fair 
average. They will naturally be thickest when slow. lf 
they are going at only 64 kilometres (40 miles) per hour, 
we have 3,000 kw. to be supplied every 64 km. for each line. 
At this rate we have sub-stations every 128 km., we have 
to transmit our power up to 64 km. on each side of cach 
sub-station. This, at 150 amperes per sq. cm., means 
Io sq. cm. of copper for each line, tapering down, or an 
average of 5, or less than a square inch. This costs for 
copper only £270 per kilometre (£430 per mile) per track. 
The loss of pressure is also not at all serious from the 
cost point of view, but it is from the regulation, and con- 
sequent variation of pressure on the train terminals. If 
we double the area of the conductors we have a maximum 
drop of 400 volts, and a mean drop of perhaps 100 in 
ordinary traffic. It would thus. be easy to arrange for 
sub-stations every 64 kilometres or so; but we have assumed 
the three-wire system with 2,000 volts a side. It may be 
more prudent to limit the distance to something like 40 or 
So kilometres. Unless the distances can be great enough 
to enable distribution to be carried out from the generating 
stations themselves, there is not very much point in having 
the sub-stations very far apart. It would be a very great 
saving if we could avoid sub-stations and all their attendant 
costs and losses, but 2,000 volts will not permit that. The 
generating stations should be at places where they can sell 
energy for industrial purposes, so as to get good load:factors 
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and large outputs. At present this means near large manu- 
facturing towns. Some day people may realise that the 
way to deal with the congestion of large cities is not to 
provide more and more facilities for people to get into them, 
but to move the factories out of them." A power-station on 
a main line in the country where the railway crosses a river 
would be a good nucleus for a new industrial city on sound 
principles. On the other hand, as Mr. Highfield has pointed 
out, producer gas-engines may be used to work rather 
numerous generating stations ; the gas being supplied by 
pipes. 
Series Main Line. 

The series system has the advantage of doing away with 
the sub-stations. 

The constant-pressure example had a current varying 
from 1,500 down to o along the line. For series work it 
would be quite reasonable to take a current of, say, 500 
amperes. This needs 2,000 volts per train; so for 8,000 
volts, with earthed middle, that is 4,000 each way, we сап 
run 4 trains on each line on each side of the station. If the 
trains have a speed of 64 k/h. as before, and a headway of 
20 minutes, we have a distance of 85 km. on each side of the 
station, or no less than 170 kilometres (or 106 miles) between 
stations. Such a distance as this between generating stations 
would be considered moderate even in America. The leads 
would have to be somewhat large, however. To keep the 
maximum loss in leads down to r,ooo volts we would need 
a current density of about 75 amp./cm?, and for 500 amperes 
this means 6-6 sq. cm., or roughly a square inch of copper 
each way. Taking the density of copper as 9, we need 
66 x 9/10 = 6 tonnes of copper per kilometre and another 
6 for return, or £720 a kilometre, or £1,150 a mile for 
copper for each track. The series-system thus gets over the 
difficulties of the sub-stations altogether. It has, of course, 
many disadvantages. The collection is more difficult, as 
the current 15 greater, and there must be double collectors. 
The problem of collecting is not dealt with in this paper ; 
but that is by no means because it is not real ; it is rather 
because there is no solution to offer. lt may prove very 
difficult to collect 500 amperes at 120 kilometres or 75 miles 
an hour. 

! Madgen, F. Soc. Arts, February, 1902, 
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It is difficult to foresee the development of gas-engines, 
and it is therefore impossible to say whether large engines 
will be best at constant speed and varying load, or 
constant torque and varying speed. Constant speed may 
be good in certain cases, but a fast train cannot run at 
maximum speed over all parts of the line alike, and the 
variation that is necessary for fast is not needed for slow 
trains. 


Other Systems. 


The series and parallel direct-current systems have been 
discussed at such length there is little space to devote to 
others. This is not because the others are unimportant, and 
it may be as well to refer to various ways of dealing with 
the problem. Some of the proposals or systems are well 
known, and need no description, only discussion ; while 
others are, we believe, new, and will need a little fuller 
description. 


Three-phase Constant Pressure. 


This system is in use in several places on the Continent. 
For short urban railways the three-phase has no advantage 
as to pressure, for the direct current can use up to 4,000 
volts on the three-wire system, and that is enough for such 
short lines. 

As to efficiency, it is nearly on a par with the shunt 
system, in which the normal output of the motors is at full 
speed instead of about two-thirds of it. И is thus behind 
the direct current as commonly used, and far behind such 
a direct-current system as Case IV. The energy is also 
returned with a low power-factor, which is a very serious 
drawback. 

For urban railways with low pressure it has the advantage 
of absence of moving machinery at the sub-stations. 

For long railwaysit has many advantages. High pressure 
can be used, so that moving machinery at sub-stations is 
avoided, and the sub-stations may therefore be mere trans- 
former boxes. Some of the systems to be described later 
have all these advantages. The disadvantages are three 
collectors, constant inflexible speed, and complication. 
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This is a rather peculiar arrangement. It is shown 
diagrammatically in Fig. 9. Each train is worked from one 
three-phase generator. This is driven by a constant direct- 
current motor, or by a special engine, and transformation 
тлу take place between the dynamos and the train motors. 


Fig. 10 is another modification of the system. The 
sections are as long as the shortest space headways of the 
trains. An engine at the generating station, or a dynamotor 
at the sub-station practically takes charge of a train and 
feeds it from section to section. Any section not in use is 
not electrically alive. Such a system as this can only be for 
long lines, and it is doubtful whether its disadvantages, 
namely, complications and three collectors, do not outweigh 
its variable speed, its efficiency, and its lower pressures on 
exposed parts. 

According to Fig. то the distance transmission is effected 
by constant direct-current, and local distribution at high 
pressure by three-phase circuits. 


Transformed Direct. Constant Current. 


This is a modification of the series direct system already 
described. Its object is to get over very long distances 
without excessive pressure on exposed parts. The diagram 
Fig. 11 explains itself. 


Constant Pressure Simple Alternating. 


The easiest sort of distribution of all is the simple 
alternating, as it needs only still transformers to enable the 
engineer to get over very long distances. The difficulty is 
to use the alternating current when we have got it to the 
train. For long lines the difficulty is not serious because 
the kinetic energy of the train is not important, so that 
waste during acceleration need not be considered. All that 
is wanted is a mechanical friction coupling. If energy 
equal to the kinetic energy has to be wasted on starting, it 
may as well be wasted in mechanical friction as electrically. 
The motor, therefore, always runs at full speed, and the 
train is clutched into gear by a friction clutch, capable of 
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getting rid of some 50,000 kj. 

in a few minutes. А simple 

method is to let the field 

rotate when the train is 

| stopped. То start, а brake 

Į is applied to the field, which 

slows it down and finally 

clutches it. Оп releasing 

the fields the pull is taken 

off the train and it slows 

XIX | down. This system returns 

aa | no energy. It has the dis- 

E advantages of constant speed ; 

but has very many good 

points for long - distance 
work. 


Constant Pressure Alterna- 
ting and Leonard, 


In this system the al- 
ternating motor drives a 
direct-current dynamo on the 
train. This goes at constant 
speed, but gives any pressure 
wanted by field regulation. 
The dynamotor may run at 
turbine speeds, and may 
therefore be small. This 
gives everything that can be 
wanted, but at the expense 
of low efficiency and extra 
weight and cost. For urban 
lines, where the distribution 
is not difficult, the system 
is inferior to those already 
described, and is expensive. 
For long lines efficiency at 
starting is unimportant, and 
the inefficiency and weight 
and cost are very serious. 


HT. Constant Current Line. 


Fic. 11.—Transformed Direct Constant Current. 
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CONCLUSION. 


The object of this paper is not to demonstrate that the 
series system is the solution of all our difficulties, nor that 
this system is good and that system is bad. Our aim has 
been rather to treat the electric railway as if it were a com- 
pletely new problem in which nothing had been done, and 
to review as many different ways of meeting the difficulties 
as could be thought of for the purposes of the paper. Many 
of the methods mentioned will seem out of the way and 
curious, but whether they are or are not worthy of adoption 
or even serious consideration, they may be worthy of 
discussion, especially if capable of modification and 
improvement. 

The paper may be broadly summed up as indicating 
reasons for holding that the treatment of railways as if they 
were tramways is bad, and that even in short low-speed 
urban railways a particular shunt system would be consider- 
ably better than present practice. Series constant current, 
it is urged, is better still. 

For long railways it is important to have the same system 
as short urban or suburban lines, as the systems will be 
connected. Long lines are thus influenced by suburban 
and short full-sized urban lines, but not necessarily by tubes, 
as they will most likely be independent. It is quite satis- 
factory, therefore, to have one system for small-bore railways 
and another for full-sized. Whether the series is the best 
solution for urban and main-line railways, if they must have 
the same system, is another matter. Perhaps, on the 
whole, the single alternate-current gives the simplest solu- 
tion, when used without any dynamotors on the train. Or, 
where acceleration is of great importance, such dynamotors 
might be used. 

The main problem of electric railways is to get varying 
speed from constant pressure. The electric method of 
doing this with two extra machines is clumsy and inefficient. 
A mechanical variable speed gear would be of incalculable 
advantage, but it is not easy to design one fit for locomotive 
work. 

The special shunt direct-current arrangement with weak 
fields solves the difficulty to some extent, but it involves 
rotary transformers or dynamotors at the sub-stations. 
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In considering the expense of stations and sub-stations it 
should be borne in mind that they will also be signalling 
centres. If the trains are worked electrically, the power can 
be cut off without communicating with the driver, and the 
driver will have no need of signals. Іп some of the systems 
sketched in this paper it 1s easy to signal the exact position 
of all the trains to the sub-station or station. Models will 
then move along plans of the railway, so that the trains are 
controlled entirely from on shore, so to speak. All the 
driver has to do is to keep a look out for anything on the 
line. He also has to start and stop at stations. As the 
ordinary signalling will be replaced, there will no doubt 
be a telephone wire along the railway with call-boxes at 
intervals. In case, say, of an accident, such, for instance, 
as a landslip, the difficulty of stopping a train that is due 
will not exist. Any one can communicate with the station, 
and the train will be stopped. The present chaotic 
demoralisation of suburban railways by fogs will not exist 
at all. It will be as easy to run in fogs as in the dark. 

But we shall not reach all these perfections very soon 
unless we look where we are going. 


The PRESIDENT : Gentlemen, it is not my intention to detain you by Th 


any remarks at the present moment, except to say that we are all greatly 
indebted to Mr. Swinburne and Mr. Cooper for this very delightful 
paper. 

Mr. ALEx. Dow : The paper as printed, and as repeated at large by 
Mr. Swinburne, is a temptation to a full discussion rather than to a 
condensation. I think, however, that my remarks will be of value only 
in so far as they represent those things that (so to speak) every fellow 
does not know. I will not attempt to touch on the matters that every 
fellow does know. The paper is to me a cause of considerable fond 
recollection, as it were. I had a little intercourse with a series system 
some thirteen years ago, and the switches and so forth indicated struck 
me as not entirely novel, but as of things which, with other dreams of 
an early electrical experience, were things to be talked of and told of, 
and not to be put into practice. The line I recall was very light ; a 
strect railway of about four miles long—it was a tramway rather than a 
railway. Тһе possibilities of clectric braking by backing up the motor 
brushes were perfectly realised. It was a delight to take one of those 
cars over the top of the hill and coast down on the other side, con- 
trolling it absolutely by pulling up or down on the brushes, and increas- 
ing or decreasing the counter E.M.F. The return of energy to the 
station was also absolutely perfect—too entircly perfect, in fact ; because 
inasmuch as the series generator declined at times to receive assistance 
kindly, and rather resented the sudden change from a matter of forty 
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or fifty H.P. plus to forty or fifty H.P. minus in its own load-curve, it 
was necessary to keep a man at the brushes all the time. Incidentally, 
the man wore blue glasses! Nevertheless the theoretical advantages 
were all there. Even the switches were not so bad as they might be. 
They were worked by a pin on an overhead trolley. I am speaking, of 
course, of a United States experience. The pin worked those switches 
very nicely. I cannot recollect just how we avoided reversing the 
current through the motors each time we ran off a section, but we did 
it in some way. The current continued practically through the motor 
without interruption, and everything usually worked all right. When 
the switch did not work all right, the conductor made a few remarks 
appropriate to the occasion, the car stopped, and the conductor afore- 
said went back with a pretty long pole and hit the switch! If the 
motor man had put his brushes in the proper position, the car stayed 
stopped until the conductor got on. Once in a while the motor man 
forgot and the conductor had a chase. My last memory of that system 
is that I took the floor in a meeting of a much smaller assembly and 
one of much less standing than this, to talk for that system as in duty 
bound, being in somewhat of the situation of the expert witness; andI 
had just got nicely in touch with the subject when my coat-tails were 
риса —“ Sit down, old man, we are taking it out." 

Speaking now somewhat from theory, I think that some of Mr. 
Swinburne's minor premises are not warranted. I do not think he is 
warranted in saying that a series-motor requires no starting resistance. 


. It may be started, as he says, by simply opening the short-circuit switch. 


If he had ever opened out the short-circuit switch of a 125 H.P. series- 
motor taking 40 amperes constant current, he also would have con- 
cluded (as I did) that it was not entirely a ceremony to be undertaken 
without due preparation. The method in which the motor got a move 
on itself and jerked things around was rough, at least. It was quite 
true there was nothing connected to the motor but a pump, and the 
pump did not say anything ; but if we had had a train connected anda 
few car-loads of passengers behind us, there would have been protests 
and letters would have been written to the American equivalent of the 
Times. Mr. Swinburne’s theoretical motor not only has no resistance, 
but has no inductance, otherwise he would not contemplate the passage 
instantaneously and smoothly of a current of 500 amperes (more or 
less) through the said motor. Resistance, shunting of some kind, is 
necessary. The псаѓеѕі arrangement, perhaps, is an equivalent of the 
well-known Ayrton shunt for a galvanometer, which works very 
beautifully. Something of that kind must be used on series-motors in 
large sizes ; in small sizes it is not at all necessary. In fact, the series- 
parallel working of large constant-current motors suggested by the 
authors of the paper means just as much controller complication, and 
just as much controller trouble, and, incidentally, just as many con- 
troller repairs, as does the present method of constant potential motors. 
The return of energy to the line with Mr. Swinburne's assumed varying 
speed of engines theoretically would not have the commutator difficulty 
against it, but I am inclined to think that if a reasonable amount of fly- 
wheel were used in these engines, and the engines had the usual 
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reluctance of large engines to get a move on them—they are assuined 
to be of 1,000 H.P. or so—there would be more or less, more rather 
than less, spluttering of the commutator at the moment that a train went 
over a bauk and started downhill with its motors backed up. I am 
inclined to think that the spluttering might be described to an American 
audience as a 4th of July celebration : we send off fireworks on the 
4th July in America. 

Mr. Swinburne says on p. 999 that the current need not be large; 
but on p. 1002 he mentions goo amperes as a possible current. That 
strikes me as large. The section switches are stated to be sparkless. 
So they are in theory. In practice they either open the circuit, in 
which case they certainly do spark somewhat—there being 22,000 volts 
at the back of the goo amperes it is only natural that they should spark 
—or else they short-circuit the section, in which case your motors buck 
—and they buck viciously. It is equal to the full negative acceleration 
suddenly applied, and the result is that your passengers are all piled up 
in the front end of the car! The distribution also is really a trouble. 
It is not so simple as it looks. You cannot use the sectional system 
and get good economy, because you will find you are obliged to put a 
separate dynamo on each section. It works out that way practically. 
We theorised that we could put the machines in inultiple and put them 
in series, and we did so, but it came to the one dynamo per section in 
the end. Dynamos were not so good then as they are now, and might 
behave better nowadays, but the line troubles would be just the same. 
The feeder and main system is obviously not applicable. I want to 
point out incidentally that the whole question of details of contro] is 
omitted—I won't say evaded—and to say again that it is decidedly 
complicated. 

I want to point out also that the resistance losses of the present 
methods are not always losses. They are really large; but in the 
United States, where we heat our cars for seven months in the year, we 
are beginning to avail ourselves of those resistance losses and also of 
the energy losses of the present methods of electrical braking to heat 
our cars. Heating may not be so necessary here, but there is quite a 
valuable return. 

So much for detail, and now a few remarks on general principles. 
The storage battery has been eliminated altogether from Messrs. 
Swinburne and Cooper's premises. I think it is a very serious mistake 
to omit storage batteries from consideration. Those who have seen, 
or have even recognised in the published descriptions, the ridiculously 
small amount of storage battery that gives the South Side Elevated 
Railroad in Chicago (one of the busiest urban lines in the world) a 
smooth-running and easy-running power-house, and that likewise 
maintains the voltage fairly uniform along the line, must see that even 
with batteries so unsatisfactory from a mechanical point of view as the 
lead batteries still are, the storage battery ie an essential of tube and 
suburban service. Messrs. Swinburne and Cooper also omit considera- 
tion of the more recent practice of running motors in sets of four 
instead of sets of two. That modifies the losses in acceleration ; the 
first step of course being four motors in series. The conditions of the 
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multiple unit system are theoretically common to both the scries 
method and the constant potential method. Unfortunately, however, 
it is only with the constant potential method that the difficulties of 
collection of current from trolley wire or rail are eliminated. If you 
must handle the full current in every unit, you lose at once one of the 
principal advantages of the existing multiple unit system, in which each 
unit only takes that current from the constant pressure supply which is 
required for its own propulsion. The amount of current to be taken 
by one collector is thus reduced. With regard to the question of a 
limiting voltage for constant current working, 22,000 volts certainly 
seem a fairly high limit. My observation in all lines of electrical 
development is that when we set a theoretical limit that neither we nor 
our children are going to reach, we run up against that limit about the 
year after next. On the other hand, when you work at constant 
pressure there is no limit; neither to the size of the units nor to the 
number of machines you can put in multiple. You can keep on 
indefinitely. Units of 8,000 H.P. are being built regularly, and I need 
not tell you here how large units can be built because you showed us 
how to do it. 

In the matter of acceleration, this is really a practical note—not 
theoretical. The limit of acceleration is what people will stand without 
kicking—and they will stand a deal more than you think, if you only 
get them into it slowly. I am told semi-officially that the Central 
London Railway, the Twopenny Tube, represents the best practice in 
handling passengers and the quickest acceleration in London. I find 
it excellent practice—exceedingly creditable ; but I do not find that it 
has as big a move on it as I know is possible and think can be obtained. 
It represents a big improvement over some other railways in the neigh- 
bourhood, but still it is not anywhere near the limit : in fact my obser- 
vation of it was that the acceleration was gradual and pleasant and that 
the train men were quite, let me say, ladylike. We on the other side 
are accustomed to being somewhat hurried ; and we are not unused to 
be shifted forward by a quick application of the brake when we block 
up the rear door, or jerked backward by sudden acceleration. We 
find by obscrvation—I have observed it in the town in which I live, 
where we have changed from horse cars to a rather inferior electric 
service and then to a very superior electric service within the last eight 
years—I have observed that the handling of the passengers and the 
acceleration are both very much quicker іп our later practice than they 
were before, and far beyond what I find in London now.  Toleration 
is a matter of individuality. I confess that I do not mind at all being 
jerked about quite a bit on an American electric car, and that I am 
unfortunately rather worried (not to say internally troubled) by the 
rocking, sideways, jolt on the top of a London 'bus. If vour people 
will stand the one, they will surely become educated to the other. 

I must ask you not to give the weight to my final remarks that you 
would give to remarks emanating from a recognised authority on 
electric railways ; lighting being my own special work. My expecta- 
tion as to the long-distance service of the future is that the motors will 
be composite wound, shunt and series, the series field being com- 
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mutated in acceleration: and the motors returning energy to the 
system as shunt-wound machines during the first period of negative 
acceleration. The shunt field will be weakened in the last stage of 
acceleration and strengthened for braking. Such motors are not yet in 
service on cars. I have, however, in constant service two motors of 
150 kilowatts which act reversibly as generators ; they are, in fact, the 
direct-current ends of small motor generator sets. You must not 
overlook for a moment that when you want to return energy to the 
system by braking you will have to do so at a higher voltage than the 
nominal working voltage, and that the effect of line-drop is to increase 
the difference between running voltage and braking voltage. A 
common stationary shunt-wound generator, when used as a motor, is 
allowed to run at a lower speed. Here, again, the conditions are such 
as to make difficult the return of energy to a railway system by 
braking ; because the braking—that is the generator—speed is lower 
than the motor speed. My two motors come in an intermediate 
class ; their speed is virtually constant, being fixed by the frequency of 
the alternating-current system. "They run as motors with the shunt 
field weakened to the point of instability, so that a few cumulative 
series turns have to be used to keep them steady. As gencrators at the 
same speed, the series turns are short-circuited and the shunt field is 
given full value. They get current as motors at 256 volts, and generate 
full output at 290: not a long range, but still enough to illustrate what 
I expect to see done in railway work.' 

As to the development of long lines, I look for the growth round 
each large city of a suburban service, which I think will probably be a 
development of the tramway service—I think so. I see no reason to 
the contrary. Ilook for the development of through electric service 
to come just as the original developments of through service came, by 
the uniting of the outward growths from local centres so that the 
network becomes continuous. 

These two opinions—as to future motors and future through lines— 
are offered as my individual opinions. 


The PRESIDENT announced that the scrutincers reported the follow- 
ing candidates to have bcen duly elected, viz. :— 


Members. 


Chas. Hesterman Merz. | Henry Rowley. 
Leopold Paul Stark. 


Associate Members. 


A. E. Barber. Theodore C. Parsons. 
Charles Edward Douglas. James Archibald Robertson. 
Thor Peder K. Hammarskjold. Richard Jones Rosser. 
Harry Jackson. Charles Frederick Trippe. 
George Lauchlan. Wm. Jas. Roberts Wray. 


: The motors may have a separately excited field instead of the shunt 
field. There are advantages therein, both constructional and operating. To 
secure these advantages we obviously need a reliable portable storage- 
battery ; something much more mechanical than the present lead batteries, 
but not by any means unattainable, even to-day. 
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Associates. 
Samuel Edward Barnes. Harold Henry Lindon. 
Abraham Bernstein. Thomas MclIlwraith Mackay. 
Chidley Dormer Coote Cummins... Arthur Marston. 
William Drysdale. ' Ernest Montgomerie Martin. 
Hubert R. Edmonds. James Hayne Stephens. 
John Henry Edwards. Henry I. Van Straubenzee. 
Hugh John Holder. Charles Robert Walker. 

John Harold Woolliscroft. 

Students. 
Mohomed Alisan. | John Smyth Crone, Jun. 
Richard Amberton. Arthur Edmond Davy. 
Douglas Howard Bishop. . John Robert Gillman. 
Herbert Cecil Carter. | Henry Montagu Lyons. 
Lionel Stevenson Challis. Archibald Norman McIntyre. 
Percy James Clears. · Robert Brett Perring. 


Oswald Bertram Коме Collins.. George Rackstraw. 
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The Three Hundred and Seventy-Sixth Ordinary General 
Meeting of the Institution was held at the Institution of 
Civil Engineers, Great George Street, Westminster, on 
Thursday evening, April roth, 1902— Mr. WILLIAM 
E. LANGDON, President, in the Chair. 


The minutes of the Ordinary General Mecting held on March 2oth, 
1902, were read and confirmed. 


The names of new candidates for election into the Institution were 
announced, and it was ordered that these names should be suspended. 


The following transfers were announced as having been approved 
by the Council :— 


From the class of Associate Members to that of Members— 


Bradford Leslic. John William Towle. 
Charles Davis Taite. Arthur Wright. 


From the class of Associates to that of Associate Members— 


Benjamin S. Hornby. 
Leonard Wilson. 


From the class of Students to that of Associates— 


Leslie Henry Andrews. Harry Augustus Nott. 
John Eustace. Norman C. Sawers. 
Bernard de M. Mertens. | Edmund Ramsay Spence. 
Leslie Robert Morshead. | Francis Samuel Stacey. 

Messrs. W. P. Digby and R. Grigg were appointed scrutineers 
of the ballot for the election of new members. 


Donations were announced as having bcen received since the last 
meeting, to the Library from Signor Ulrico Hoepli and Mr. P. V. Luke ; 
to the Building Fund from Messrs. H. G. Beeton, R. C. Quin, and 
L. Wood ; and to the Benevolent Fund from Messrs. W. E. Langdon 
and J. H. Woolliscroft, to whom the thanks of the meeting were duly 
accorded. 


The PRESIDENT : I have to announce that at the next meeting the 
Council's list of nominees for the Council for the session 1902-3 will be 
rcad. 

We have now, gentlemen, to resume the discussion on Messrs. 
Swinburne and Cooper's paper. This paper has presented to us 
problems associated with railway work. The whole subject is one 
of intense interest, and the authors have evidently viewed it from 
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various points. The problems that they present are such as will, I am 
sure, commend themselves to the consideration of all members of the 
Institution. It is by considering problems conceived in this manner 
that we may expect to arrive at the best application of the means to 
the purpose suggested. I venture to hope that we shall obtain a good 
discussion, for the authors have bestowed upon it a great deal of pains, 
and it is one which is in every way worthy of the most complete 
ventilation. 

Although in the opening of the paper the authors have stated their 
opinion that the main-line problem is not ready for consideration, yet 
at the conclusion they have bestowed on that branch of the question 
considerable attention. I am very glad indeed to see that they have 
done so, for I myself cannot see that great difference between the 
problem as it affects main lines, and that which affects what may perhaps 
be termed suburban lines. To my mind the chief underlying factor 
of the whole question is a constant load; and I look upon it that 
main lines or trunk lines ought to afford that constant load far better 
than any other class of railway. A suburban line has its heaviest traffic 
in the morning and evening; at mid-day it has light traffic in all 
probability, and at night time it has no trafic. The trunk lines coming 
into London have what may be assumed a constant traffic throughout 
the twenty-four hours. We see that these trunk lines coming into 
London are constantly extending and increasing their lines, which is 
a fair indication that they require them, and consequently that the 
existing lines, whatever they may be, are so full of traffic that they will 
not carry any more, hence the additions. At the same time I can 
recognise that there is a great difference between what may be 
regarded as purely passenger lines and those which deal with general 
trafic. There is no doubt a difference also in the mode of treating 
those lines that are devoted entirely to passenger traffic, and also a 
great difference in the treatment of what may be called omnibus traffic 
and long-distance trafhc. Omnibus traffic, as has been shown by the 
authors in this paper, may be treated very advantageously in a different 
manner. In support of this the authors have brought forward, in 
Table IV. I think it is, results obtained on the Liverpool Overhead 
Railway, which show the great advantages to be obtained by accelera- 
tion. By the expenditure of 25 per cent., an advantage of something 
like 50 per cent. is obtained in the capacity of the line for traffic, 
provided the traffic is sufficiently heavy to make that demand. 

It has been pointed out by the authors that one of the chief 
difficulties to be contended with is that of conveying and collect 
ing the current. That undoubtedly is so, and I am afraid we shall 
obtain no solution of this problem until we see something in the 
direction of what has been done on the Metropolitan or on the Italian 
railways. We may look forward to either of these conversions to 
afford us the means of ascertaining the volume of current which might 
be collected at a given speed. 

I would like to refer to one or two items that have been advanced 
by the authors with respect to the cost. It is stated that the capital 
cost per mile of line for steam-equipped railways averages £45,000. 
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In looking into the Board of Trade Returns I make the average cost Th 


something like £55,000. My object in referring to this point is that 
I do not think we should be justified in regarding the electrification of 
railways quite in this light, because in many parts of the country the 
cost of a mile of line of railway is very little, whereas in other parts it 
is exceedingly heavy ; if we were to make a comparison with trunk 
lines I think the cost would be certainly three times as much. In 
regard to the working expense per train-mile, the authors give the 
locomotive expenses as 11:53 per train-mile. On reference to the 
Midland charges I find that the cost works out at 12°56 for the year 
taken by the authors. I give these figures because I am anxious that 
considerations in regard to electrical application should not suffer. 
Reference has also been made to the savings to be expected on the 
application of electricity to any of our existing lines. I think that 
these economies may be extended. Great economy would be effected 
by the abolishment of the number of pumping-houses and water- 
cranes; boiler repairs would be extinguished except for repairs at 
generating stations. The cost of repairs to the engines would be 
very much less, as would also coal stagings and sidings. In addition 
there would be a considerable saving in the load carried, because there 
would be no tender on the train; that would mean a saving of some- 
thing like fifty tons per mile per train. All this is very much more 
evident on trunk lines than would be the case on suburban lines. 

Of course the employment of clectricity would admit of automatic 
signalling, and there would be a considerable saving in that direction ; 
but signals could not be entirely abolished, because there must be 
points at which sidings and junctions would have to be worked and 
where signals would consequently have to be provided. I am fully in 
accord with the authors in respect to the desirability of employing a 
motive power for the trains capable of varying speed. I think that 
absolutely essential on any main line, or, in fact, on any line, of railway. 
The authors’ problem of constant-current scries-working is one which 
I think has such potentialities about it as deserve very careful con- 
sideration on the part of any one interested in the question. I heartily 
congratulate the authors on the excellent paper they have brought 
before us. 

Мг. W. M. MonbEY : I am sure we all feel a sense of responsibility 
in discussing this question of railway work. We appear to have 
reached the parting of the ways. Everybody seems to be feeling that 
the methods that hitherto have been sufficient for the moderate needs 
of short lines and of tramways are not sufficient for the requirements 
of longer suburban lines and of main lines. A good deal of attention 
has been drawn to possible alternatives to the methods used for all 
work in this country and for all work in America. "The limits of direct- 
current working have been reached at such pressures as 500 volts, and 
it has been necessary to devise methods of feeding the lines by some 
higher pressure. "Various methods have been proposed, as the authors 
in this paper, and Mr. Swinburne in a paper previously read before the 
Manchester Section have shown. I have myself, in conjunction with 
Mr. Jenkin, recently had the honour of a five-nights discussion, оп, a 
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paper that we read before the Institution of Civil Engineers, and I 
feel that I have very little new to say on the subject. But, if you will 
allow me, I would like to go over a little of the ground that I had to 
cover before the Institution of Civil Engineers. The author's courage 
is well known. I do not think he ever showed it better than by reading 
this paper. When, with Mr. Jenkin, I was trying to consider broadly 
the subject of alternative methods of electric railway working, we 
described all the known methods that occurred to us as at all practical, 
but neglected to say anything about the direct constant current series 
system. We were led, as a result of considering the question as fully 
as we could, to certain conclusions, one of which was that the method 
that possessed the fewest disadvantages and the greatest number of 
advantages was not a direct-current system at all, but was an alternate- 
current single-phase system. The author's paper may be taken as an 
antidote to the paper by Mr. Jenkin and myself. Ithink the antidote 
is worse than the poison. I will pass over the first part of the paper 
and the parts dealing with acceleration and so on, which I think 
are very good and useful. I may perhaps just say one word as to the 
emphasis that was laid on the question of accelerating very rapidly 
from the beginning. It was shown that there would be an advantage 
by saving that very small period of time. I think there is another way 
of saving time which perhaps is less costlv, viz., the saving of stopping 
time. There is much to be done on town lines in the saving of time in 
stopping. Those who have been on the elevated railways in American 
towns will know with what precision and promptness that part of the 
service is always conducted. I have frequently timed trains on those 
railways and found the total time of stopping was only a few seconds— 
five, six, or seven seconds was quite common. That is helped very 
much by the arrangement of the carriages, which has been adopted on 
the Central London Railway. It is not so much the passengers who 
are at fault here, as the system of ingress and egress ; the carriage doors 
are not suitable. By the system used in American towns, and on the 
Central London Railway, that difficulty is avoided. There is a space 
for stepping off and on, and there is some one to help the people, and 
to see that they are quick about it. The knowledge that they will be 
left behind and the doors shut against them, and that they cannot jump 
on the footboard as the train goes out has a very great accelerating 
effect on the traffic. 

The question whether clectricity is to be used for main-line railwavs 
is one that I do not think many in this room have any doubt about. I 
was surprised to find at the Institution of Civil Engineers that there 
was a great deal of doubt, that it was thought it might be all very well 
for short lines, and so on, but that the time was very far off—I think 
Mr. Swinburne was one of the gentlemen who took part in the discus- 
sion who said that—when we should have electricity applied to our 
main-line railways. I do not think I agree.  Main-line railways, 
whether they like it or not, will have to use electricity. As you have 
just said, sir, the limits of the trunk lines are being reached. We must 
increase our speeds; we must increase the acceleration. Although it 
^ possible physically to run at eighty miles an hour with an ordinary 
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steam locomotive—it is often done for short distances—eighty miles an 
hour is not a practical speed for reciprocating steam engines. The 
steadiness of running that can be secured by the even turning of the 
electrical motors, is a very great help—one that perhaps is not 
sufficiently realised—in enabling us with electrical methods to run 
faster than is possible with reciprocating engines. If I may use the 
expression, the waggling of the tail of the train, which is a result very 
often of the reciprocating of the engine, is a thing that we avoid almost 
entirely. The smooth running that is obtained, for instance, on the cars 
which run at forty to fifty miles an hour practically every jburney on the 
tramways near Cleveland, Ohio, shows very clearly that it is possible 
to get much steadier running. This, I think, is mostly due to the 
absence of reciprocation. How are railway people to get over these 
difhculties—to attain higher speeds, greater acceleration, and steadier 
running—unless they adopt electricity? The reciprocation on the 
engines might be got over possibly by using steam turbines, but I have 
never heard even the warmest advocates of steam turbines propose to 
apply them to locomotives. If they did so they might get over the 
reciprocation, but they would probably not decrease the weight of 
plant that had to be carried. Whether electricity is coming for main 
lines or not, we know that it has come for short lines. We know that 
for extra high speed special lines—such lines as are contemplated 
between busy towns such as between Manchester and Liverpool, 
London and Brighton, and so on—it is hopeless to carry out the ideas 
as to high speed except by electricity. Those are the two extremes. 
And, surely on main trunk lines, especially if there is a distributed and 
Steady load, as you, Mr. President, have just pointed cut is necessary— 
we shall have the advantages of electric traction on those lines before 
we are very much older. If that steady and distributed load is necessary, 
it can be got by electricity even for the same amount of traffic, far better 
than by steam-drawn trains, because it will be easier to distribute the 
traffic in smaller units over a line of given length. That would tell 
very favourably on the size of the generating plant, on the sub-stations, 
and the transmission lines. 

May I pass to what I think is the most important part of this paper, 
the conclusions to which the authors are led that the advantages on the 
whole are in favour of some series constant direct-current system? I 
prefer to use the words “direct current" to “continuous current," 
because direct current is not necessarily always continuous. I was 
very much surprised at the recrudescence of this system. I thought I 
had seen the last of it. It has only been tried in this country once, 
and that was on the Northflect line. I was present at the opening of 
that line in 1889. That was a very small affair—I think about three 
and a half miles long—with a very small amount of power. We heard 
from Mr. Dow that it had been tried in Amcrica, and that there, 
as here, as a result of practical experience, it proved a failure. The 
question came up at the Civil Engineers the other night. Mr. Swin- 
burne mentioned this system, Mr. Siemens said it had not had justice 
done to it, and Lord Kelvin also said that it deserved consideration. I 
think it certainly does deserve consideration ; every system deserves 
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consideration. What we have to try and find is a system that has the 
fewest faults. We shall not find a perfect system, and we shall probably 
not find any system that has not serious drawbacks. There are a good 
many essentials for railway working. Mr. Jenkin and I have given 
elsewhere a list of what seem to be essentials, or at least points that are 
very desirable, and of those points I think there are ten or twelve that 
are almost essentials. I consider that the series constant direct-current 
system only has two of them; they are important ones, but I do not 
think they are important enough to turn the balance in favour of that 
system. The first is that no wasteful starting resistances are necessary, 
and that is a very great advantage, because it saves those enormous 
waves of current such as are shown on the Liverpool diagrams ; and, 
secondly, it is possible with it to return energy to the line. The latter 
is, of course, of more importance on short lines with many stops than 
on long lines with few stops. But I cannot help thinking that the most 
essential point for railway working is that the overhead conductor shall 
be simple, and shall be, if possible, one conductor—that is to say, we 
must in railway working imitate, if we possibly can, the conditions that 
have been successful in tramway work as regards the conducting line. 
Whatever else may be complicated—in the locomotive, or in the gene- 
rating station or elsewhere—I think we must have on the lines running 
through the country the greatest simplicity, and that can only be 
obtained by using one wire. With this series constant direct-current 
system you must have two wires; you must cut those wires at intervals 
to pass from one section to the other; you must have those wires of 
very high tensions ; you cannot have one of them close to the earth, 
and practically at earth potential. The danger will be greater; the 
complication will be greater ; the line losses will probably be greater, 
because the full current will be passing all the time, although not 
necessarily through the whole length of the conductor. There will be 
other difficulties. If two trains get on one section at the same time, it 
will cease to be a constant-current system so far as the trains are 
concerned. Another drawback to the system is that it cannot be 
extended easily. Any system to be successful must be capable, like 
the ordinary tramway system, of being extended indefinitely without 
complication, but with this series constant direct-current system you 
must have a limit to your volts, and you must have a limit to your 
current for each circuit. For instance, if you had a simple series 
constant direct-current system and not one of the ingenious modi- 
fications that are proposed by the authors, you would have to go 
back to the station and have a new system throughout whenever 
you got beyond the limits of pressure for a single circuit. Then 
there is another objection—you cannot transform except by rotating 
machinery. It is very important that the transformation should be done 
by stationary machinery. Another difficulty—and I think perhaps I 
have had as good an opportunity as anybody in this room of realising 
how great that difficulty is—is that of keeping a constant current at 
varying volts. Even when the current is only ten amperes and the 
maximum volts only two or three thousand, the difficulty is serious ; 
but imagine a series circuit using three or four thousand kilowatts with 
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the pressure varying from a few hundred to three or four thousand 
volts and a constant current of several hundred amperes. Is there 
anybody in this room who can say that, with our present knowledge, 
it is possible to make a dynamo that would work smoothly and practi- 
cally under such conditions? With an ordinary arc lighting machine, 
it is only the fact that it is a small current that enables you to collect at 
all. If you attempted to work with a large current you would find, I 
believe, that the problem under traction conditions would be quite 
insoluble with our present knowledge. Varying the speed to give 
constant current at various volts would not be practicable, because 
the speed could not be varied quickly enough to meet the great and 
rapid changes of demand on а traction circuit. I know that M. Thury, 
of Geneva, in his installations at Genoa and elsewhere, uses very high 
pressure constant direct currents. He has a number of machines insu- 
lated carefully from the earth and connected in series. But the motors 
are not of large power, the variations in volts are not violent and sudden, 
smallness and lightness are not matters of importance, and altogether 
the conditions are different and are very much less trying than those 
in electric railway work. M. Thury deserves our congratulations on 
the way in which ће has solved with a considerable amount of success 
a very difficult problem. I do not, however, think there is any necessity 
for such a system. To me it seems merely another and a worse way of 
doing what can be done easily by alternate currents for all practical 
purposes. With the exception of M. Thury's work, which, as I say, is 
not at all on all-fours with electric railway work, there has been no 
attempt whatever to solve, so far as I know, such a problein as is 
involved in the system before us. The generators arc a very great 
difhculty. You cannot work them in parallel—at least I can hardly 
imagine a direct-current varying-voltage machine working in parallel 
with any success. If you have constant-current machines, perhaps 
you would not want to work them in parallel, but even to work them in 
series would be a very difficult thing. It means that you would have to 
have one generator per unit. It is quite hard enough to get a good 
result on a generator with a varying load with low pressure and 
constant volts ; the difficulty would be very much greater with high 
pressure and constant current. I cannot help thinking that all series 
and multiple-series and group systems for railway work, when examined, 
will have to go the way of similar systems for lighting. In the early 
days we all went through this phase. All kinds of arrangements were 
made in the period intermediate between the early one of 1880 and 
1881 of the constant-current high-pressure line and the later low 
constant-pressurc system. We had all these group systems, and some 
of them were worked with success. At Hastings, Eastbourne, Brighton, 
and other places thousands of electric lights were run on them, but 
they were all swept away as soon as we came to realise the advantages 
and simplicity of the constant-pressure system. I think, on examining 
the railway problem, it will lead us to the same conclusion. The evils 
of constant current are greater than the evils of constant pressure. 
The latter we know fairly well; the other we do not. I would like 
to go further, and to say that for railway working there is not such 
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a thing as direct current. It does not exist in our art. Ever since 
that marvellous two or three days’ work of Faraday, when he laid the 
whole foundations of the dynamo, there has been no advance in the 
mechanical production of direct current. Faraday’s little unipolar 
machine, which without commutation gave a direct current at a very 
low pressure, practically remains where he left it. What we call direct 
currents now are all of them—it is perhaps a commonplace to say it— 
commuted alternate currents. We produce alternate currents in the 
generators; we transform to direct current by the commutator, and 
so get direct current on the line. When we get to the motors we have 
another commutating process to turn those direct currents into alternate 
currents, and we use them in the motors as alternate currents. These 
transforming processes involve a great deal of loss. The ability to do 
what we want to do is involved in alternate currents, and we may as 
well evolve it from them without this interesting but unnecessary double 
transformation process. 

Professor S. P. THOMPSON: This is a contribution to the electrical 
side of the subject. A recent paper which was read by Mr. Mordey 
and Mr. Jenkin did not elicit, and possibly did not intend to elicit, 
very much of an electrical discussion. It may have been useful in 
enabling the traffic managers to see that the end of all things had 
not been attained by present methods of traction or of railway traffic. 
But here we have electrical problems before us, and it is on electrical 
questions alone that I propose to touch, interesting though the trathic 
questions are in themselves. 

I concur with Mr. Mordey's view, that the time for supposing that 
continuous currents may be serious]y employed for heavy railway 
work has gone by. It is obvious that those considerations which he 
has mentioned, in particular the very important consideration of 
simplicity in the overhead gear, will dominate this matter. Probably 
all questions of 3-phase or 2-phase will eventually disappear also 
in view of that very important necessity of simplification. No machine 
with a commutator on it has the slightest chance of surviving for the 
use of high railway speeds. Our cousins in Germany have seen this, 
but have not even suggested in all their high-speed proposals the 
remotest approach to a machine with a revolving commutator. The 
commutator, admirable invention as it was, enabling us to produce 
a very passable imitation of continuous currents out of a revolving 
piece of machinery, has its own service still to render, but not, I think, 
on high-speed moving motors. So that we almost come back to the 
view that the future in these lines lies for single-phase alternating 
work. That leaves us still a great field to discuss, for it involves all 
the questions depending upon differences of frequency, how low a 
frequency we shall be able to go down to in single-phase work for 
high-speed traffic. It involves—and it is by far the most serious 
consideration, to my mind, at the present moment—the whole question 
of single-phase motors. I do not believe that the keenest advocate of 
single-phase motors would say that the present stage of perfection at 
which they have arrived is such that they will do everything that could 
be desired. There is plenty of room for new departures in invention 
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in single-phase alternating motors. There is room for invention, for 
example, in economising that great draught of current that all single- 
phase motors hitherto devised take from the line at starting. Perhaps 
-you will say that this applies also to continuous-current machines, 
Yes, but with continuous-current machines there are ways of mitigating 
that defect which do not, unfortunately, exist, or only exist in experi- 
mental form in single-phase machines. 

I would that Mr. Swinburne had given us something in the paper 
concerning the great advantages there obviously would be in several 
of his proposed systems if he could employ condensers for the purpose 
of providing at starting that preliminary draught of current which is 
inevitable if there is to be great and rapid acceleration. Many sug- 
gestions have been going about. Some were discussed before the 
arbitration a few months ago concerning the regulation of the current 
at the time of starting. It is obvious that if the train is to start rapidly 
with great acceleration there must be means taken to keep that acceler- 
ation as high as it possibly can be kept, otherwise we lose time. If 
you will think how any ordinary steam locomotive accelerates, you 
will see there is room there also for a great deal of invention ; every- 
thing 1s left simply to the experience of the driver. He has a handle 
in front of him ; he receives the signal that the train is to start ; what 
does he do with the handle? He dare not pull it over to full steam ; 
that would be an absurdity. He turns it on as much as he dares to do, 
and then he turns it a little more as the train gets up speed, and then a 
little more. It is purely a matter of experience and of personal 
judgment in the man, how fast he can cause that train to accelerate. 
In electrical matters it is wholly different. Assurhing constant pressure, 
we have a constant acceleration provided we take a constant current. 
A man with an amperemeter in front of him has merely to look at that 
instrument, and if he moves his regulating handle so that the current is 
kept to a certain point, he will have a definite fixed amount of acceler- 
ation for that definite and fixed amount of current. I am assuming, 
of course, motors of a particular type of construction ; but it may be 
done. The amperemeter will tell him exactly what he is doing, and 
if he has instructions to accelerate to any particular amount, he simply 
has to watch the instrument. But that could be done automatically or 
semi-automatically. One of the things discussed with ignorance in the 
recent arbitration was the use of automatically working rheostats for 
producing a semi-automatic uniform acceleration. I need not go into 
details now, but there was а very curious amount of ignorance displayed 
as to the operation of the liquid rheostats proposed by Messrs. Ganz 
for this purpose. The use of liquid rheostats was apparently a thing 
that half the people in that arbitration had never heard of. Why, it is 
the commonest thing all through Germany and Austria, in fact on the 
whole Continent, to use liquid rheostats as starting resistances for 
alternating motors of all sorts. They have had heaps of experience 
with liquid rheostats; and to hear it pretended that they were a 
novelty and had never bcen heard of before was a most extraordinary 
experience, I should not have thought that even engineers who were 
wedded to a continuous-current system would have so completely 
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pretended to ignore the existence of liquid rheostats as was the case in 
that arbitration. | 

There was another curious thing which forced itself upon my mind 
in that arbitration. Months ago, years ago, there was an idea 
prevalent—I do not know where it arose—that the only kind of motor 
that could possibly accelerate was a continuous-current motor. It used 
to be assumed that alternating motors of any kind would not give vou 
sufficient acceleration. All that superstition had long ago been brushed 
away in the very crucial experiments made by Professor Carus-Wilson; 
and yet apparently nobodv had ever heard of Professor Carus-Wilson 
or his experiments on 3-phase motors or of his diagrams of their 
acceleration which show how magnificently they accelerate. When one 
entered that Arbitration Court the idea that an alternating motor could 
not accelerate seemed to be a prevalent one; and it was impossible at 
the end of the arbitration even to get into the lawyers' heads, or even 
into the heads of some others who might have known better, that there 
was no better motor in the whole world for accelerating than a 3-phase 
motor. If 3-phase motors are going to be put out of court, it is 
because of the complication of the overhead lines; we need not, 
however, discuss them. We have to think about the acceleration of 
the single-phase motor. What we want is an improved single-phase 
motor with automatic or semi-automatic devices at starting, such as 
will enable the motor to have a uniform and maximum acceleration, 
an acceleration as great as can be permitted on the rolling stock and 
lines in question. 

I have talked about “continuous” currents ; my friend, Mr. Mordey, 
talked about “direct” currents, and I think he said he preferred the 
word “direct” because direct currents were not always continuous. 
I prefer the word * continuous" because continuous currents are not 
always direct. There are systems supplied indirectly by the current 
being first of all pumped into accumulators and then indirectly supplicd 
out of those accumulators. "There are systems supplied indirectly also, 
as at Oxford, by the current being put into a converter which gives 
out another current and not the one which was put into it, and there- 
fore is an indirect contrivance. However, that is a matter of phrase- 
ology, and I do not wish to push it too far. 

Among the curious arrangements that have been suggested for 
working electrical locomotives, I do not think there is one more 
interesting than that singular combination spoken of as the Ward- 
Leonard arrangement; but really, after all, if you are going to carry 
a whole sub-station of transforming gear on your locomotive in ordet 
to make the locomotive work with currents that are not the right ones 
to be supplied to it, you may as well go back to the idea originated 
some years ago in France, when M. Heilmann proposed to put on 
board his locomotive engine not a sub-station but a central station, the 
boiler, the Willans engine and the generator all complete, and so 
generate on board the locomotive electric currents which were then 
to be supplied to the motors on the axles. It was hardly more 
complicated than some of those round-about contrivances which 
Messrs. Swinburne and Cooper have suggested for doing that which 
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ought to be done simply and directly. I do not think we shall arrive 
at that simple and direct system of driving until we have proceeded 
to that stage of further invention which I have suggested, namely, the 
perfection, the much-needed perfection, of the single-phase motor. 


Mr. C. W. S. CRAWLEY : Although I have a considerable commercial M 


interest in alternate-current induction motors, I am by no means an 
advocate for using them for traction purposes. In most cases, in fact, 
I think that, as they exist to-day, they are about the most unsuitable 
means of driving trains that could be found ; unless, indeed, they are 
used as Mr. Mordey suggests. Mr. Swinburne, however, raised a point 
against them which I think is incorrect. He says that the return of 
power to the line may be ignored because the current returned has a 
power-factor of only o'7. This may be quite true ; but accepting the 
figure, it only means that for every two amperes of watty current that 
is returned to line, you return in addition about one ampere of wattless 
current. But it takes practically no energy to produce this wattless 
current; you are simply returning the full value of your braking power 
to line as watty current, and you are returning in addition about one- 
half more current which is wattless. "This is nothing serious. 

Professor C. A. CaARUs-WiLSON: A few months ago I had the 
opportunity, when in Italy, of seeing something of the introduction of 
electricity on to the steam railways of that country. As every one is 
aware, the two great railway companies in Italy, which between them 
work nearly the whole of the railways there, are carrying out clectric 
experiments on a large scale. One of the companies has already 
equipped 66 miles of line with a three-phase system, and the other is 
now completing the equipment of 80 miles of line with the ordinary 
continuous-current and third-rail system. In common with many 
people, I had hoped that these experiments might have given a solution 
of, at any rate, one of the questions raised in this paper, that, namely, 
of the relative merits of continuous and three-phase current systems 
for railway work. I must say I was much disappointed, as I found 
that the three-phase system on the Lecco-Colico railway was working 
under the same disadvantages which so seriously handicapped the 
Burgdorf-Thun Railway, namely, excessive grades. Presumably in 
order to meet these grades the engineers had gone in for thc Ganz 
system of tandem control. It seemed to те that this system was 
unfitted for polyphase railways generally, and that the Ganz people 
must have been anxious to get it into practical use in view of events 
which were pending in this country. For this reason I am afraid that 
the experiments now being made in Italy will not go far towards solving 
the question of the relative merits of continuous and three-phase 
currents for the practical conversion of steam lines to electrical 
haulage. 

There is therefore something not altogether unreasonable in the 
attitude which the authors of the paper have taken up, when they say 
that the whole question at the present time is more or less open. 
When, however, the authors state that they “treat the electric railway 
as if it were a completely new problem in which nothing had been 
done," I understand they do not intend to say more than that they 
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make this assumption as a basis on which to write their paper. Of 
course it would not be correct to say that the direct-current constant- 
pressure system with third rail is not a perfectly satisfactory system 
when worked in combination with three-phase transmission and rotary 
converters: this is proved, in one instance at least, by what is now 
being done on the 80 miles of line in Italy above referred to. I think 
we should be careful not to let the impression get about that electrical 
engineers were dissatisfied with this svstem and had no other proved 
system to offer in its place. 

At the end of the paper, which the authors have styled “ Problems of 
Electric Railways," it is stated that *the main problem of clectric rail- 
ways is to get varying speed from constant pressure." The paper 
recently read before the Institution of Civil Engineers by Messrs. 
Mordey and Jenkin was based on the same idea, showing that the 
minds of engineers are impressed with the necessity for some form of 
variable speed-gear, and the benefit such an arrangement would bring. 
We are, however, liable to overlook the fact that we have in the direct- 
current series-wound motor the precise equivalent of a variable speed- 
gear. 

When the series-wound motor was first introduced for railway work 
one heard a great deal about the advantages of series winding ; we were 
going to get a range of torque per ampere between half load and full 
load of тоо to 200. Such an arrangement is practically a variable 
speed-gear. Anything that will give us a variation in the torque per 
ampere is the exact equivalent of a variable speed-gear, and when we 
have a series-wound direct-current motor which gives us twice the 
torque per ampere at full load that it does at half load, this is equivalent 
to а speed-gear with a variation of 2 to І. In view of the fact that 
every one admits what a very valuable feature this is in a motor, it is 
interesting to trace the development that has taken place in recent 
times in the design of railway motors in this particular. If one 
examines the motors that have been turned out from time to time by 
the leading makers, one finds that the range of torque per ampere 
between half load and full load has gradually been deteriorating, and 
so far now from being тоо to 200, the motors turned out by most of the 
best makers do not give a range of more than about 10o to 130, though 
some types have a higher range than this. It would take too much 
time to enter fully now into the reason for this, but it is due to the 
attempt to design a motor which will run sparklessly with very light 
weight. On this account the makers have been sacrificing, more and 
more every year, the feature of a large range of torque per ampere, 
and the American makers, who are often in advance in these matters 
are no better tlian the British and Continental makers in this respect. 
Figure 5, which has been referred to in the paper, illustrates this point 
very well, as the range of torque per ampere can be easily seen. Full 
speed is about 30 miles an hour with 300 amperes. The rheostat is all 
out on the parallel notch when the car is running at 20 miles an hour 
with 700 amperes, so that the range of torque per ampere between 
these currents is 100 to 150. 

Now, if a variable speed-gear is really of such great advantage here 
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is one of the very first ways in which it can be done, by increasing the 
range of torgue per ampere. The question is, Why is it not done? 
At the present moment the General Electric, the Westinghouse, and 
other large companies, are putting motors on our tubes and other lines 
in which the torque range does not exceed perhaps 100 to 130 from the 
half to full load, whereas if they chose to build a heavier motor they 
could get a range of 100 to 200, and so get a variable spced ratio of 
that amount. If the makers thought it worth while to turn out a motor 
with a bigger variable gear ratio equivalent they could do so, but thev 
do not think it worth while because it means a hcavier motor and 
greater expense. Before any of these new schemes are tried as the 
authors suggest, very largely with a view to getting the equivalent of a 
variable gear ratio, we shall sce an attempt made to improve the 
design of the continuous-current motor. The Ward-Leonard system 
has been alluded to in 

the paper. Referring to 

the diagram Figure A, е | 
suppose that oabdef 4 
represents the current- 3s 
curve, and ogh the 
speed - curve of two 
ordinary series - wound 
motors when асссіег- 
ating. When the start- 
ing rheostat is all out, 
ke is the value of the 
current which is being 
used in accelerating the 
car at the speed kg plus 
the frictional resistance. 
What we are told is 
that the Ward-Leonard Seconds. 
system is going to re- 
duce the value of the 
current ke, and enable Fic. A. 

us to start up with a 

smaller current. But the whole of this current at this point is being 
usefully employed in accelerating, and no system has been or ever will 
be invented that will enable us to do with less than this current if we 
wish to accelerate at the same rate up to the same speed. Hence, 
the Ward-Leonard system cannot take less than this, but it will take 
more, in proportion to the increase of weight required for the motor 
generator, etc., and the lower efficiency. If the weight is increased 
by 12 per cent. and the efficiency decreased by то per cent., the current 
taken at starting by the Ward-Leonard system will be increased 25 per 
cent., as shown by the dotted line om. The rheostatic heat loss with 
the old system is represented by the two triangles oa b, bde; the 
increased heat loss in the motor with the Ward-Leonard system is 
represented by the triangle о те, which in this case is half the former 
rheostatic loss ; the energy thus saved is insignificant on a run of any 
length, and the current required to start is actually increased: 
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Mr. P. V. McMaHoN : Much attention has been given to the ques- 
tion of rapid acceleration both in this paper and in the other paper to 
which reference has been made. I think most of the speakers have 
neglected to consider at what cost they are getting that increased 
acceleration. If we take the cost of electric energy required to obtain 
the results shown on diagram No. 5and compare the curves which were 
published when that railway was opened, we find that the starting 
currents under the old conditions varied between 140 and 130 amperes, 
whereas now, to get these results, you have to take a current of from 
700 to 800 amperes from the line. In the paper the authors give the 
Board of Trade units per ton-mile as o'110 at 12:5 miles an hour, and 
under the new conditions 0°137 units per ton-mile at 19:5 miles an hour 
average speed. "That gives a saving in time of 36 per cent., with an 
increase in the units consumed of only 244 per cent. From the 
results obtained elsewhere, rro Board of Trade units per ton-mile 
seems exceedingly high, and would tend to show that the original 
motors were not properly suited to the work—that is, that they had 
too small a torque per ampere. On the City and South London Rail- 
way the units per ton-mile on board the locomotive are о`055 at an 
average speed of 16°75 miles per hour, just half of what the authors give 
as the conditions on the Liverpool Overhead Railway at a much lower 
average speed ; and one cannot help thinking there must be some error 
in the figures, or perhaps the units are given at the switchboard. In 
a paper that I had the honour of reading before this Institution some 
time ago, I dealt with the question of very rapid acceleration, and 
showed that when we were considering the re-equipment of some 
locomotives we ascertained what could be obtained with an ordinary 
two-motor equipment and also with a four-motor equipment ; that was 
practically doubling the number of motors on a train, the total weight 
remaining the same. We found that taking an average section as 
about 2,700 ft., and the train and locomotive at 49 tons, with two motors 
in a locomotive, not allowing the locomotive to coast, and keeping the 
current on until the brakes were applied, the kilowatts per ton-mile were 
0:0659, and the time taken to run the section was 122 seconds, with а 
maximum starting current of 300 amperes. Using four similar motors, 
we found that the time could be reduced to 103 seconds, but the k.w.- 
hours per ton-mile were increased from 0°6059 to. 00745, while the 
maximum current taken when the motors were placed in parallel was 
600. The effect of this on the generating station with a line of, say, 10 
such sections, allowing 10 seconds at each station for stopping, and 
30 trains leaving the terminus per hour, would be that the two-motor 
equipment would necessitate a maximum demand from the power 
house of 2,085 amperes, while with the four-motor equipment 4,300 
amperes would be required. The time for the journey would be 
reduced from 21:8 minutes to 18:67 minutes—that is, you would get a 
saving of 14'3 per cent. in time, but you would have to enlarge the 
output from the power-house by 63 per cent. Not only that, but the 
kilowatts per ton-mile in the case of the four-motor equipment would be 


t Parker on “ Electric Equipment of Liverpool Overhead Railway," Pree. 
Inst. C. E., vol. cxvii., p. 30. 
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increased by 135 per cent. The authors referred to what might be 
done on the Central London Railway, and allow an increase of 
25 per cent. in coal for the increase of 5a per cent. in speed maintained 
for four hours per day, and this figure also includes an allowance 
for the working of lifts. As the increased speed would have to be 
obtained by very rapid acceleration, I consider the extra for coal, 
generating plant, etc., far too little, and this is borne out by the figures 
given above and the following. 

On page 987 of the paper they refer to the value of rapid accele- 
ration, and show that in one particular instance the time for running a 
certain section was reduced from 104 seconds to 68—that is, a saving 
of 36'4 per cent. of time, or less than they would hope to see on the 
Central London; but the energy consumed increased from 330 to 
1,390 k.w., or an increase of 320 per cent. The current for the lifts 
would also go up in somewhat the same ratio. 

I agree with some of the speakers who said that if we were to have 
these high rates of acceleration it would require some sort of a variable 
speed ratio-gear, and also the absolute necessity of returning current 
to the line in bringing the train to rest in the station. I think Pro- 
fessor Carus-Wilson is right in saying that the well-designed series- 
motor is about as good a thing as we know at present for traction. 
But, unfortunately, in the series-motor the traction force per ampere 
rapidly diminishes as the speed increases; and if you want to main- 
tain the acceleration, you have to shunt the field or adopt some other 
device. 

In another part of the paper the authors give us as an alternative 
to increasing the speed, the reduction in the number of carriages in a 
train in the middle of the day. In tube railways I am afraid that is 
difficult to arrange. The amount of shunting that it involves in dividing 
trains up in the sidings wastes more coal than suffices to neutralise the 
actual saving obtained by such an arrangement. In fact, some five or six 
years ago on the City and South London Railway we had some 2-coach 
trains and some 3-coach trains, the idea being to run 2-coach trains in 
the middle of the day on thc light load. We found that our coal bill 
was just as high when running with 2-coach trains in the middle of the 
day, on account of the amount of shunting that had to be done to get 
the trains out of long sidings. It is not as if you were out in the open 
where your sidings branch out in a fan-like arrangement ; you have to 
store the trains one after another. Of course the multiple unit system 
gets rid of some of these disadvantages; but it yet remains to be seen 
whether this system is better than separate for tunnel work. 

In diagram 7 the starting period, as shown, bears a very large 
relation to the total period of running, and gives one the idea that the 
series-parallel controller is about the most uneconomical thing you 
could have. But taking the curves for actual section, as run on the 
tube railway, I think it will be found that the starting period would be 
shortened to about one-half of what it is shown on the diagram. Some 
time ago I went carefully into the question of losses in а series-parallel 
controller used in connection with motors designed with a high torque 
per ampere, and found that it varied between 10 and about 14 per cent, 
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Mouse. 96 the total energy used in starting the train, i.e., the energy taken from 
the line from the time of switching on until the train attained full 
speed, and as this represents about half the energy for running the 
section, the losses may be taken as from $ to 7 per cent. of the total. 
If the driver will not keep his eye on the ammeter and maintain his 
current constant at the proper starting value by cutting out the resist- 
ance until its value drops of its own accord, due to the rising back 
E.M.F., the loss may be several times as great as stated above. For 
this reason, I think if the automatic arrangement or semi-automatic 
arrangement which Prcfessor Thompson describes would work well in 
practice, it would be a very acceptable thing to those who have any- 
thing to do with drivers who work series-parallel controllers—in fact, 
it would take the regulation out of their hands altogether. 

With reference to the constant-current system as advocated by the 
authors for suburban lines, or even main lines, I think that as far as 
can be seen a great deal of trouble would be experienced with the 
switches when you changed from one side of the system to another. 
In a time of busy traffic, I am afraid I would not like to be the 
engineer who was responsible for the satisfactory working of the 
switches. One of the reasons advanced by the authors for the series 
system was that you can get rid of the waste in the controller and 
complicated switch-gear. With the switch necessary for shunting the 
field of the series-motor to vary the torque and the short-circuiting 
devices, it seems to me that the switching gear that you would require 
for this locomotive would come out nearly as complicated as the present 
series-parallel controller. 

There was one other point referred to by Mr. Mordey, namely, the 
difficulty of maintaining a steady current with a varving voltage. It 
might act very well on an arc-lighting machine, but when you come 
to deal with very large powers, I am afraid you would have great 
difficulties. Мт. Mordey laid particular stress on the generator 
difficulty. I think you would also have considerable difficulty with 
the engine. An engine of, say, 2,000 k.w. capacity would not respond 
very quickly to the sudden call upon it for a variation in its speed 
which a couple of trains starting at once would demand. I do not feel 
certain, but consider that in a steam engine working under the above 
conditions the steam consumed per kilowatt would be very high. 

The third advantage that they claim for the system is constant 
torque at all speeds. This is a very important item, and to me seems 
to be about the only real advantage that can be claimed for the system. 
There is one other point ; they allow a maximum pressure of 2,000 volts 
per locomotive. On a line with 25 such locomotives you mav at any 
time get a maximum pressure of 50,000 volts between the switchgear 
and cab, which would be earthed on one locomotive, and assuming an 
earth on one of the conductors, considerable difficulty would arise with 
insulation. I know with 500 volts on board a locomotive the insulation 
is very often hard enough to maintain. 

Towards the end of the paper, on p. 1006, the authors allude to the 
want of regulation, or the inability on several systems to make up for 
lost time. In an ordinary locomotive with two motors, іп the case of 
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the tube railways, if a driver is checked by a signal he simply shuts off 
his current when he sights the signal, and lets the locomotive coast for 
a while until the signal is taken off ; and if he wants to make up time, 
he keeps his current on a little longer and stops sharper at stations—in 
fact, he has the same means of making up time as the driver of a steam 
locomotive. 

Mr. W. GEIPEL: I am very much indebted to the authors for 
bringing this subject before us. It is one which deserves the very 
serious consideration of the electrical enginecring profession at the 
present time. I am not one of those who believe that the application 
of electric traction to the working of long lines is in the dim and 
distant future. I think that the time 15 very near at hand when it will be 
seriously considered by the large railways running long-distance lines. 
One point which has particularly struck me in the paper is this, 
that the authors recommend three different systems for operating 
railways. For suburban lines they recommend constant currents ; for 
shunting purposes they recommend secondary batteries or the present 
system of steam locomotives ; and for long main lines, on p. 1006 I see 
they recommend the parallel system. І differ with the authors entirely 
in this respect. It appears to me that the system which is adopted for 
working the suburban traffic should be the system to be adopted for 
working the main-line traffic and for shunting. Further than that, it is 
of very great importance, not only to railway companies but to the elec- 
trical engineering profession, that the system which is adopted should if 
possible be a system common to the whole of the railways of the United 
Kingdom. If each railway adopts the same system, the trains will be 
interchangeable ; they will be able to run from theone line to the other, 
and the advantages generally will be enormous. For that reason, at 
the present moment, too much attention and discussion cannot be 
devoted to this important subject. — 

There are two paramount considerations to be borne in mind. The 
first, that of frequency, has been referred to by the authors, and the 
second I think they have not referred to, namely, the question of high 
pressure and of working pressure. It has been suggested by Messrs. 
Mordey and Jenkin in their paper that a frequency of 40 should be 
adopted having regard to the consideration of the lighting of the rail- 


way carriages. Imention this to show that thereare diffcrent opinions 


on this important subject, and therefore that it is one which should be 
thoroughly considered at the present time. My own view is that a 
periodicity of 40 is very much too high for the working of railways, 
and that the recommendations of the Institution of Electrical 
Engineers as to the frequency for power purposes, namely, that of 
25, is. nearer the requirements of the case. After all, the lighting 
requires a mere iota of the total power, and the lighting can be 
arranged, whether the frequency is low or high, in many obvious 
ways. Then with regard to the pressure, I think it is also impor- 
tant that we should have one extra-high pressure, either ro,ooo, 
15,000, Or 20,000 volts, or some other even number at any rate. I see 
that іп one scheme recently proposed 11,000 volts were to be adopted. 

Coming to the paper, on page 973 the authors point out that the 
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steam locomotive gives a great torque at starting. I always understood 
that one of the advantages of electrical working over steam working 
was the enormous increase in the torque in accelerating our trains. 
The torque of a locomotive is, on the contrary, bad; it is always the 
same. You cannot get a large torque out of a locomotive; it i5 
limited by the pressure of steam on to the area of the piston and it 
is also controlled by the position of the crank. Further than thai, 
the uneven turning moment which accrues results in a tendency to 
skid, which you do not get with the electric motor ; consequently vou 
have a very much larger torque with the clectric motor than you have 
with the steam locomotive. I do not quite agree with the authors that 
motors will give any torque required at great expense of power. That 
does not follow at all. A motor will give large torque without great 
loss of power provided the power is supplied at such a voltage as is 
suitable to its speed. Of course if you use a source of power where 
the voltage is reduced by needless resistances, then that particular motor 
is working under uneconomical conditions, but not necessarily so if 
other arrangements are made. 

With regard to acceleration, I have been much struck this evening 
by the fact that so many speakers with the authors consider that the accel- 
eration should be constant, and that there should be a constant torque 
throughout the period of acceleration for that reason. І have been 
under the impression that it was very important that the comfort of the 
passengers should be considered where you come to high rates of 
acceleration, although for low acceleration it is not a question of great 
importance. I have understood that the consideration from that point 
of view is that the rate of change of acceleration is that which should be 
constant, not the acceleration itself. If you look at the curve in Fig. ? 
you will see that you have a constant acceleration from nothing up to 
full speed ; you suddenly jerk your passengers into motion, and you 
suddenly jerk them from rapid acceleration into a continuous speed, 
which is most uncomfortable to say the least of it. Those who have 
ridden in high-power motor-cars find that very much accentuated. lí 
your engine is governed and you are accelerating up to a high speed, 
as soon as the car is running at the speed at which the engine is 
governed the acceleration suddenly ceases and you are shot forward 
immediately. It is a most uncomfortable feeling, and one which ! 
think passengers would decidedly object to. 

There are a number of points with regard to the advantages and dis- 
advantages which the authors refer to in their system, which I will pass 
over briefly. I would suggest that one particular disadvantage which 
they have omitted is the danger to attendants on the locomotive. The 
double conductors, they say, do not constitute a vital objection, but ! 
should suggest that more particularly at the points and in the case of 
high speed they area very vital objection, and I quite agree with Mr. 
Mordey that the overhead wire should be “simple and single." The 
difficulties with the generators and extensions of the stations and 
general want of flexibility in the generating plant, have been already 
referred to by Mr. Mordey, with whom I quite agree so far 4 
concerns the system recommended by the authors. Then again 
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current is not easily diverted for other purposes, for the working of 
auxiliary engines, cranes, lifts, and so forth ; and it is not so easy to call 
in the aid of local power-stations. It is not at all improbable that long 
railways might find it convenient at times to buy their energy from the 
local or district electrical power-stations, in which case it is important 
that they should use some system which would enable them to do it. 
As to thé advantages claimed for the constant-current system by the 
authors, I have referred to onc, namely, constant torque, which appears 
to me to be a disadvantage. Then there is the collection of current, 
which the authors say is simpler than with the usual parallel system, 
but they will have the difficulty of the two wires in collecting. 

I should have liked to make a few remarks about the Ward-Leonard 
system, but will only point out one thing in connection with that system, 
namely, with reference to the curve of Professor Carus-Wilson. He 
referred to the waste of energy in one particular point of the curve 
during acceleration, but he has neglected the other points where the 
energy is wasted in controlling resistances. The curve he has shown 
indicates that there isa sudden jump from nothing up to the full current, 
then a rest, and then a sudden jump again up to full current : I presume 
that is when you switch from series to parallel, or vice versá. I would 
point out that in the use of the Ward-Leonard system you convert your 
energy into current at a voltage which is exactly suited to the voltage of 
the motors at the speed at which they are running at the moment. 
That is a point which he has omitted to take notice of. There are 
many advantages in this system which have been referred to by many 
speakers. I will briefly point them out; their beauty of control, 
the gradual increase of the rate of acceleration and of retardation in 
such a way that it is not felt by the passengers. That has been appre- 
ciated in the case of high-speed lifts in America, where the Ward- 
Leonard system is being used in that connection ; and although the 
Ward-Leonard system has not been applied to railway working yet, 
the gradual change from the state of rest to motion, and from the 
state of varying motion to the state of continuous motion, has been 
very much appreciated in the case of the lifts. 

(Communicaled.) With regard to claim 8 on page 999, viz., 
that high pressure is easier to handle with continuous than with 
alternating currents, I would point out that experience has shown the 
reverse, and that the great majority of important transmission power 
schemes where high tension is employed use the alternating current, 
and I take it that the easy handling of the continuous-current claim 
does not refer to the generators, where the difficulties are enormously 
greater. 

On page тоот the authors claim that the engines driving the 
generators at constant torque with variable speed would be more 
economical ; in fact that the coal consumption would be approximately 
half. I do not share that opinion; on the contrary the engines would 
be less economical, for although the mechanical efficiency of the engine 
would be greater, yet the loss by initial condensation at low piston 
speeds would more than compensate. I might mention that according 
to Willans tests the percentage of initial condensation varied from five 
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per cent. at full speed down to twenty per cent. at about one-fourth 
speed. 

The authors state that an overload could not occur on the series 
system, for if all the trains started at once they would merely run slow 
until the matter righted itself. That is one of the respects in which the 
* Ward-Leonard " system is superior both to the series system and to 
the ordinary parallel system, for if all the trains were started at once 
the power used in starting would be less than the normal power to keep 
them all running. This is because Ward-Leonard converts his energy 
at starting into low voltage current, so that the motor part of the motor- 
generator takes considerably less power from the line during the earlier 
periods of acceleration, whereas with other systems the reverse takes 
place. I quite agree with what the authors say on page тогі that the 
single-phase alternating system is the best form of transmission of 
power, but I do not agree with them as to the difficulty they anticipate 
in making use of the alternating current when it arrives at the train. 
It is merely necessary with the Ward-Leonard system to place on the 
locomotive a single-phase motor without regulating or controlling 
resistances. All that is necessary is a starting switch and a pair of high- 
tension fuses. This motor rotates at constant full speed and drives 
a continuous-current dynamo which generates current at a voltage 
suitable for working the motors which drive the train. Objection has 
been taken to the weight of this motor generator, but, after all, it is but 
a small percentage of the total weight of the train. For example, the 
weight of a 200 k.w. motor-generator would probably be about twenty 
tons, and if very high speed were adopted it would be less. Then this 
extra weight has the advantage in cases where trains are operated by 
locomotives, that there is an addition to the tractive power of the 
locomotive. 

The authors refer to the cost of the Ward-Leonard system as being 
excessive, and while they do not give the costs of their own system, yet 
I have been able to compare the cost of the Ward-Leonard system with 
that of the ordinary system of having fixed motor-generators placed 
along the line and transmitting the low-voltage current from the sub- 
stations to the locomotives ; I find that the Ward-Leonard system, on 
the contrary, makes a very considerable saving in cost. In the first 
place, it dispenses with the low-tension conductors which in the Metro- 
politan Railway scheme were estimated to cost between £6 and £7 
per kilowatt, and in Mr. Langdon's paper they were estimated to сох! 
£70,000 for fifty miles of railway requiring 5,000 kilowatts to operate, 
i.c., £14 per kilowatt, or about double the cost on the Metropolitan 
Railway. In the case of the Ward-Leonard, the overhead high-tension 
conductor can be fed by static transformers at frequent points, so that 
it would be comparatively very small, and would cost but a small 
fraction of the two low-tension cenductors. Further, in the case o! 
fixed motor-generators it is necessary to make provision for a concen- 
tration of traffic at varying points of the line, so that the sub-station 
plant is considerably greater than would be necessary if the trains were 
always equally distributed. With the Ward-Leonard system the motor- 
generator is on the locomotive, and itis therefore not necessary to make 
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such provision. Consequently the expenditure on motor-generators is 
less. Further, it is not necessary in the gencrating plant to provide 
for peaks in the case of the Ward-Leonard system, as there are no 
peaks. Here, again, there is consequently a large saving made in the 
capital outlay. In putting the saving—by using the Ward-Leonard 
system instead of the continuous motor-generator system—at £15 per 
kilowatt, I believe I am underestimating it, and I do not therefore 
agree with the objection of the authors that the cost is prohibitive. 
Then with regard to the cost of working, attendants at the sub-stations 
would be dispensed with, the attendants on the locomotives would do 
all that was necessary in the starting up and running of the motor- 
generators. Then there is a great economy of power in starting and 
accelerating the trains, while the power lost in the motor-generators 
occurs only at the points where the locomotives are used, and not all 
along the line as in the case of fixed motor-generators. There isa 
further saving of the wear and tear which takes place in the heavy 
switches and resistances which are dispensed with on the Ward- 
Leonard system. 

The authors suggest some sort of mechanical friction coupling for 
transmitting the power from the alternating motor to the axle of the 
locomotive. I cannot imagine any sort of mechanical friction coupling 
which would compare in any respect with the Ward-Leonard, which 
is, after all, an electrical coupling, nor do I think it would be practicable 
to design a mechanical friction coupling which would give the desired 
varying speeds and at the same time transmit the large power required. 
Even in the motor-car industry, where the power is but a fraction of 
that required for a train, there is no satisfactory mechanical friction 
coupling with variable specd ; it is consequently necessary to resort to 
toothed wheels, or other such devices. 

Professor Thompson has referred to the complication of the motor- 
generator on the locomotive, and went so far as to say that we may as 
well put the steam engine and generator on the locomotive. I do not 
agree with him; 100 tons is one thing and 20 tons another, and as 
to the complications, I think I have already shown that they are a myth. 
In fact, I am of opinion that there is less complication with the motor- 
generator on the locomotive than with the complicated resistances and 
switches which are required with the present serics-parallel system, 
more especially if those resistances were designed so as to make the 
locomotives suitable not only for running at high specds, but also for 
running for long periods at slow speeds for shunting and other such 
purposes ; that is a difficulty which has been found to exist in the case 
of railways like the Central London, where the regulating resistances 
will not stand shunting, while to enable them to do so it would be 
necessary to increase and complicate them largely. 
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Associate Members : 


Chas. Albert Blascheck. | 
Joseph Bernard Clarke. 

Chas. Garnett. | 
George Jas. Gibbs. 


\ 


Fredk. Joseph Mars. 
Henry John Robertson. 
Gco. Fredk. Whipple. 
Wm. Arthur Wilkinson. 


Asso«1altes : 


James Bennett Bingham. 
Joseph Percival Crowther. 


Alan McAlpin. 


Edwin Albert Mansfield. 


Sludents : 


Christopher Dalley. | 


Cuthbert John Greene. 


Fredk. Vernon Harrap. 
Edward Pink. 


Geo. Augustus Tucker. 
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The Three Hundred and Seventy-Seventh Ordinary General 
Meeting of the Institution was held at the Institution of 
Civil Engineers, Great George Street, Westminster, on 
Thursday evening, April 24, 1902, Mr. W. E. LANGDON, 
President, in the Chair. 


The Minutes of the Ordinary General Meeting held on April ro, 
1922, were read and confirmed. 

The names of new candidates for election into the Institution were 
announced, and it was ordered that their names should be suspended. 

The following transfers were announced as having been approved 
by the Council :— 


From the class of Associate Members to that of Members— 


William Aitken. | john Pilling. 

From the class of Associates to that of Associate Members— 
Comer Sandys Ball. George Robinson Peers. 
Willie Dickson Kilroy. James Scott Pringle. 
Gustavus McAlpine. Frederick Charles Stephens. 


From the class of Students to that of Associates— 
Hilary Henry Dadson. * John Thomas Irwin. 


Evelyn Fawssett. Lawrence J. Kettle. 
Ramon I, Fernandez. Charles Noel Moberly. 
Francis Wm. Hewitt. | Charles Trimnell. 


Messrs. W. Henderson and D. H. Slack were appointed scrutineers 
of the ballot for the election of new members. 

Donations to the Library were announced as having been received 
since the last meeting from The International Engineering Congress, 
Glasgow, Maschinenfabrik, Ocrlikon, and Dr. Henry Wilde; to the 
Building Fund from Messrs. F. W. Clements, F. H. Goodall, and J. 
Maclean; and to the Benevolent Fund from Mr. G. J. Gibbs ; to all 
of whom the thanks of the meeting were duly accorded. 

The PRESIDENT: I have now to announce the Council’s nomination 
of officers for the ensuing Session :— 


MEMBERS NOMINATED BY THE COUNCIL FOR OFFICE 
IN 1902-1903. 
As President. 

Nomination. JAMES SWINBURNE. 


As Vice-Presidents (4). 


MAJOR P. CARDEW. 
Remaining in Office. S. Z. DE FERRANTI. 
JOHN GAVEY. 


New Nomination. PROFESSOR О. LODGE, F.R.S. 


Mr. 
Shoolbred. 
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Ordinary Members of Council (15). 


( H. H. CUNYNGHAME, C. B. 

Huco Hinsr. 

J. E. KINGSBURY. 

C. P. SPARKS. 

WINE H. E. HARRISON. 

Remaining in Office. ^ үү Cor H. С. L. Ногрех, R.A, F.R.S. 
| The Hon. C. A. Parsons, F.R.S. 


W. H. PATCHELL. 
. H. RIDER. 
| MARK ROBINSON. 
(Sir JOHN WOLFE Barry, K.C.B., F.R.S. 
| B. DRAKE. 
New Nominations. ~ 5. DOBSON. 
|R KAYE GRAY. 
A. A. CAMPBELL SWINTON. 


Associate Members of Council (3). 


Remaining in Office. Wy. 5 21” 
New Nomination. SYDNEY MORSE. 


As Honorary Auditors. 


For Re-Election. F. C. DANVERS. 
New Nomination. SIDNEY SHARP. 


As Honorary Treasurer. 


For Re-Election. Prof. W. E. AYRTON, F.R.S. (Past President). 


As Honorary Solicilors. 


For Re-Election. Messrs. WILSON, BRisTOWS & CARPMAEL. 


RESUMED DISCUSSION OF MR. SWINBURNE’S AND MR. CooPERS 
PAPER ON “ PROBLEMS OF ELECTRIC RAILWAYS.” 


Mr. J. N. SHOOLBRED : I have been much struck by the oft-repeated 
statement during the discussion, “that we were not yet ripe for the 
application of electricity to long lines," and this made in a sort of 
despairing tone—as if we are to remain idle, and do nothing towards 
preparing, and making smooth the way for the time, when we shall 
be called upon to attack the “long-lines” problem. Statements of this 
kind referred to appear to arise from not realising the enormous 
importance of the movement going on at present throughout the 
land, which is to endeavour to devise a general system of trans 
portation, actuated throughout by electricity; and which shall include 
the various means of conveyance known as railways, light railways, 
tramways, etc.—whether they be fast, moderate, or slow in their 
respective action—and which are engaged in what the President has 
happily termed, “ Conveying and collecting traffic.” То ensure this 
generalising of the means of transport the keynote is uniformity in the 
various parts. To arrive at this uniformity, there is a vast deal of 
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preliminary work to be done—and much of it is dependent upon M 


common business considerations—quite irrespective of technical 
knowledge ; and which comes quite within the province of most of us. 
Take, for instance, the gauge of the vehicles to be used. Railways had 
to pass through “the battle of the gauges ” before they were compelled 
by dire necessity to adopt the present uniform gauge. It is only just 
beginning to dawn upon those who control the vehicles of the other 
classes, such as tramways and light railways, that if they are to form 
part of the general system—and reap to the full the benefits of inter- 
communication—and at the same time form useful adjuncts, or 
collectors of traffic, to the large railways, the gauge of their vehicles 
must be similar to that of the railways. 

Some of the more important County Councils in the country are 
already doing very useful work towards arriving at this uniformity by 
insisting upon the adoption of the 4 feet 84-inch gauge. 

Again, uniformity in electric pressure is another matter of paramount 
importance. Butitisbyattempting this combined action of the various 
tramways, or light railways, which at present form but disjointed elec- 
trical units, that we shall find out which is the fittest electrical pressure, 
and the one best suited for general use. In doing this, simplicity of 
working arrangements will certainly form a most important factor. 

The experience of the last twenty vears—as far as electric lighting 
is concerned—tells us that the key lies in simplicity ; which also means 
economy. The very large alteration in the character of the plant in 
some of the most important electric-lighting stations in the Metropolis, 
and elsewhere, from high-pressure alternating to low-pressure direct, 
points to a decided advantage for the “direct” current. And that 
same simplicity in working will weigh even more in a traction system, 
where several different carrying lines have to work together. 

The difficulty of long distance transmission with “direct” currents, 
which is always raised against them (and which is mainly a matter of 
durability of insulation resistance) cannot always continue. Indeed, 
many ingenious expedients are already being introduced (take, for 
instance, those of Mr. McMahon, on the “City and South London” 
Railway) by which the difficulty of long-distance transmission is being 
gradually overcome. 

In conclusion, I would say, that there are many small ways by 
which we can assist in trying to arrive at the much-wished-for com- 
bined action of our various methods of locomotion. Andit is in these 
attempts, humble and unpretending though they may be, that much 
progress can be made in solving the problem of the use of electricity 
on long lines of railway. 

Thus many of us can assist greatly in the solution of what may be 
termed the “ national” problem of electric locomotion, towards which 
problem the present paper does much in elucidating its higher and 
more technical aspects. 

Mr. W. P. Пісвү: I cannot agree with the author of this paper, 
nor with the last speaker at our last meeting in their unanimous 
desire for standardised conditions of working in electric railway 
work. The only heritages from the steam railways in England 
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Mr. Digby. to-day which will come to us are the heritages of the gauge and. the 
height above rail level. The authors acknowledge that the question of 
express and goods traffic is not ready for tackling. Therefore as the 
trafic which mnst first be dealt with will be of the suburban nature, 
would it not be best that each of those systems should be developed 
according to the individual needs of the case, perhaps even according 
to the prevailing method of electric supply in the different districts? 
In Great Britain the steam locomotive has not been standardised in 
regard to its height, wheel base, load pressure, or stroke, and yet 
without any standardisation the result has been the English engines of 
which English engineers are so proud. It may be urged that the 
engines are interchangeable, that the North-Eastern Railway engines 
might run into King's Cross instead of giving place to a Great Northern 
Railway engine at York. For administration purposes this is not 
done. Similarly, the rolling stock of the City of Newcastle does not 
find its way by any chance among the rolling stock of the suburban 
lines of London. On many main lines different steam locomotives are 
used for different work, even for different express passenger work. 
The suburban traffic is distinct from those conditions, and while a 
universally standardised state of railways might be good on one side, 
I think it would be better if each surburban system developed accord- 
ing to the local conditions, and even according to the views of consult- 
ing engineers who were employed in the matter. So long as the 
electrical locomotive is employed there will be, to my mind, no 
necessity for a universal standardisation. At any station where the 
locomotive of one company gives place to the locomotive of another 
company the three-phase motor might give place to a locomotive 
driven by continuous current motors. Neither of the talented authors 
of this paper would claim that the problems they have enunciated here 
are all the problems which will have to be faced, nor would they say 
that the plans they favour are certain in ten years time to be recognised 
as the universal necessity in the country. Under these conditions, I 
think we are laying foo much emphasis on the question of a universal 
standardisation. When all the railways of the country are in the hands 
either of the State or of some American millionaire combination, then 
will be the day to consider the universal system of electric traction. 
With regard to the series continuous-current system proposed, I think 
Messrs. Swinburne and Cooper have rather hastily assumed that a 
pressure of 2,000 volts will be adopted. If only the Board of Trade 
will accept the reasons they have stated in the paper without further 
quibble we might perhaps have such a pressure. Nevertheless, in 
regard to distribution, the question would arise as to whether the 
leakage from the third rail to earth—a leakage which one does not find 
in the tube railway—would not be a serious factor with the rails 
exposed to the vicissitudes of an English climate. This appears to be 
a special objection to the series constant-current system, with a length 
of conductor double that required for a constant-pressure system. 

Mum Mr. P. V. McMaHoN: The accompanying diagram arises out 

* of Professor Carus-Wilson's remarks on the last occasion. It affords 
a comparison between the Ward-Leonard and the series-parallel 
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systems. The curves show the effect of an ordinary locomotive 
with two motors, the same locomotive fitted with the Ward-Leonard 
system, and also an equipment of four motors of the same size retaining 
the same total weight of train. The curve A represents the speed in 
miles per hour for the locomotive with two motors, the motors alone 
weighing eight tons. The current taken from the line is shown by A’, 
the locomotive being controlled by a series-parallel controller. Pro- 
fessor Carus-Wilson pointed out that by drawing a line from the point 
where the maximum current begins to drop to the origin of the curve 
you get loss in the controller. He then drew another line above the 
series-parallel loss curve showing that the loss in the Ward-Leonard 
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Fic. B.—The curves A and A’ refer to the speed and current for a 2-motor 
equipment, B and B' to a 4-motor equipment, and C and C' to the Ward 
Leonard arrangement. 


system was not different, but greater in amount. He neglected, 
however, to say that a very much better speed curve is obtained 
for the same energy transformed by the use of the Ward-Leonard 
system. In the diagram, I have taken a short section of 2,700 feet, 
with a train of 49 tons, which is the total weight of a locomotive and 
train on the City and South London Railway. For the Ward-Leonard 
diagram I have assumed two of the existing motors shunt-wound, 
and a Ward-Leonard combination added to the locomotive which 
will weigh perhaps another four tons—that is, about the weight of one 
motor. The motor generator will not weigh more than one motor, 
because the speed will be much higher. Instead of 150 amperes at 
starting we take about 45, which rises gradually to the maximum 
allowable current. It will be noticed that the speed curve shows that 
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we get uniform acceleration. I have limited the maximum current to 
300 amperes for the 2-motor equipment and Ward-Leonard arrangement. 
In this case it is 318, but as 318 comes in better for calculation, I 
reckoned it on that figure. The curve C’ shows the gradual rise of 
current from 45 to 318 amperes. When you finish your acceleration 
you alter the ficlds of the generator, and the current immediately drops 
from 318 to 59 amperes. It remains a constant quantity until you shut 
off the current and apply the brakes. Of course you would not apply 
them so sharply as that in practice, but it saves calculation to show it 
in the diagram. You will see from curve C that about twenty seconds 
are saved on the run as compared with the 2-motor series-parallel 
arrangements. With two motors it takes 105:4 watt hours to run the 
section; with the Ward-Leonard system it comes out absolutely the 
same, 105, but there is a difference of twenty seconds saved in the 
trip. 

Coming to the same train fitted with four motors, they are the same 
motors exactly as in the first instance, and can be arranged on the 
one locomotive or distributed through the train. You start with 150 
amperes with the four motors in series ; when you reach a speed of two 
miles an hour you put them two in parallel, two in series, and finally 
the four motors in parallel, when you get a maximum of 600 amperes. 
You get a higher acceleration at starting than in either of the other 
cases, but on account of the rising back E.M.F., you are not able to kcep 
the acceleration constant, and in consequence the speed curve drops over, 
but il just happens to run the journey in the same time as the Ward- 
Leonard arrangement with the maximum of 318 amperes that you start 
with. This arrangement of four motors is more economical in energy, 
the watt-hours being only 98% as against 105. Ав against that you 
have to provide a generating station that will give 600 amperes instead 
Of 318. If you are satisfied with a speed curve drooping over as in the 
case of the series-parallel system from the Ward-Leonard, you could 
considerably reduce the starting current, in fact from some rough 
calculations of mine it appears that if you cut your starting current 
down to the running current, i.e., the current would never exceed 
120 amperes and you would get the same result as in the case of the 
scries-parallel arrangement. The more one looks into the question of 
the Ward-Leonard or some other system which gives a variable speed 
ratio at starting, the more one sees there is a great deal in it, and when 
one comes to employ alternating currents direct, and one can drive 
the generator and the locomotive with the alternating current motor 
and do away with the substation as suggested by Messrs. Mordey and 
Jenkin, it will have a great many advantages over the present arrange- 
ments unless something better arrives in the meantime. In calculating 
this curve I may say that I had not all the data at my disposal con- 
nected with the Ward-Leonard svstem, but I assumed that the com- 
bination had an efficiency of 93 per cent. Probably some people will 
say that is high, but only a half of the energy is transformed. The 
booster on the locomotive is employed in the first part of the starting 
to oppose the 500 volts, and when you get up to the maximum pressure 
you reverse the generator and booster up to 1,000, so that you really 
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only transform half the energy. The regulating or starting gear of the 
system is very simple. It is impossible to get the irregularity of 
starting that you do with the series-parallel controller. Through the 
courtesy of Messrs. Geipel and Lange I was able to watch a large 
(so unit) plant operating a printing press on this system, and the 
control the attendant had over machinery was marvellous. He could 
make the press run at any speed from crawling slowly to full speed for 
any period without the slightest jerking. If it was applied to a loco- 
motive or to any kind of traction motor I think it would turn out 
satisfactorily. 

Mr. A. A. CAMPBELL SWINTON : I was rather struck with what Mr. 
Swinburne has said as regards uniformity. I have recently had brought 
to my notice an instance, showing the importance of this question. I 
have been attending the Committee that is sitting in the House of 
Lords on the subject of tbe tube railwavs. As we all know, the Central 
London Railway works with a central insulated conductor, and uses 
the rails asa return. Now, on the railway which is at present before 
the Committee—I do not really quite know what to call it, because it 
began by being a comparatively small undertaking, but it has now 
grown to have а capital of some £15,000,000 sterling, and is а com- 
bination of the London United Railways, the Piccadilly and City, and 
several other railways all rolled into one—they are proposing to use an 
insulated return, with the two conductors, the trolley wires, if you can 
call them so, at the side of the track. Of course it is obvious that if 
that system is adopted there will in the future be great difficulty in 
making the rolling stock of the Central London run over that linc. 
'There are two or three more Bills still to come on, and I take it they 
will each probably propose a system of its own, so I think this 
question of uniformity is a very pressing and important matter. I fear, 
however, that as I heard it very aptly stated the other day, the clectrifi- 
cation of the trafhc of London is becoming merely a pawn which 
American millionaires and American trusts companies use to play 
their game. 

Mr. M. HOLROYD-SMITH : The last speaker has suggested a difficulty. 
I had no intention of speaking when I came here, but as I have a 
simple solution of the difficulty I will, with your permission, explain 
it to the meeting. Curiously in England and in America they will 
put overhead wires in the streets where they are dangerous, because 
there is other traffic, other wires, wind storm, snow storm, etc. ; but when 
you go on to a railway, and you have the whole thing to yourself and a 
tunnel ncarly the whole of the way in which you could attach, without 
hurting anybody, an overhead conductor, the opportunity is missed 
and people will persist in putting the conductor bar on the ground, 
generally between the two rails, as though they were deliberately 
designing something to be dangerous in the case of accident. It is 
evident that that is not quite the right thing to do. It is now 
proposed to put the conductor at the side as though that had not 
already been done. A previous speaker has informed the proposer of 
the side rail plan that it would be difficult to deal with at points and 
crossings and in regard to other traffic running over such a line. Why 


Mr. 
McMahon. 


Mr. Camp- 
bell Swinton. 


Mr. Holroyd- 


Smith, 


Mr. Holroyd- 
Smith. 


Mr. Barnes. 


1050 SWINBURNE AND COOPER: PROBLEMS OF [April 24th, 


not take the most simple solution you could possibly get, a solution 
which I arrived at some years ago, and which we shall in all probability 
have brought over before long as a new American scheme? That 1s, 
place the conductor or conductors overhead in this manner. 

It may reasonably be assumed that whatever is the present dis- 


Fic. C. 


position of Parliamentary Committees, it will ultimately be prohibited 
to use the carthed rails as a return. 

Let C represent a section of a railway tunnel (Metropolitan lines are 
and will be mostly tunnels or tubes) and two insulated conductors be 
placed overhead, such an arrangement would be all right until you 
came to points and crossings, where, if the conductors are continuous, 
they would obviously short-circuit unless there were gaps in them, 

which would mean double collectors and abun- 


p M d" dant possibility of getting out of order. 
id Now if the arrangement shown in Fig. D be 
Tm adopted, viz., place the + and — conductors in 
different horizontal planes, preferably two of 
each, then all difficulties vanish. ‘You can have 
Fic. E. any complication you like of points and cross- 
ing without fear of short circuit, and further, 
the electrical points can be operated at the same time as the rail 
points and so prevent the train from running one way and the 
collector another. The collectors could be hauled along by insulated 
cables or a modification of the trolley bar could be used, where it 
would be found more convenient to have the top conductor single and 
the lower conductors dual, or vice-versa. 

Mr. J. S. BARNES (communicated) : 'This paper is opportune at the 
present time, inasmuch that the subject is occupying the attention of 
the electrical engineering profession, to a very great extent on general 
lines. Without doubt the utilisation of electrical energy for driving all 
kinds of machinery has proved itself to be very economical; the 
efficiency is high ; and in practically every instance the system has 
given every satisfaction. There is no reason, to my mind, why this should 
not prove so on our railways if the details of the electrical engineering 
construction are thoroughly worked out, and the proper system is 
adopted for the particular route under consideration, and provided that 
the electrical energy is generated in large central stations, situated 
near to the coal centres in different parts of the country (on the lines 
of the proposed power-schemes which have recently received Parlia- 
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mentary sanction), the generating stations being so designed in the 
systems adopted as to secure uniformity of voltage and of gauge. 

There seems to be a difference of opinion as to whether the 
electrical railways shall be equipped with three-phase or continuous- 
current machinery on the trains themselves, but practically every 
engineer agrees that three-phase plant is the right kind to adopt in the 
central stations of these proposed railways, whenever the length of the 
line is such that uneconomical results may accrue from the C?R loss 
in transmission of electrical energy in the main feeders. It was pointed 
out by Major Cardew, in the recent arbitration case of the Metropolitan 
and District Railways, that the electrical systems to be adopted on 
lines that were to be in connection with one another should be all of 
one кіпа; and that, in all such lines, the proper system to adopt was 
the three-phase. From an engineering point of view it is difficult to 
conceive why the three-phase currents should not be applied on the 
motors themselves, when a reasonable transformation of the electrical 
energy has been made. 

It is a recognised fact that in an electrical tram service of any 
magnitude, there is a considerable demand for electrical energy the 
greater portion of the day, and the greater the number of the cars 
running the less is the fluctuation of the station generators, and the 
better the load-factor, which of course leads to economical working. 
It is very evident that this will be the case with electrical railways, 
except that the load on the station generators will vary considerably 
more, due to the heavy trains requiring considerably more energy than 
do individual tramcars. 

The power required from the motors in producing motion of the 
train at the commencement, exceeds the resistance encountered 
between the wheels and the rails, and the speed of the train will 
increase (i.e., the motors will accelerate) until the resistance (whether 
mechanical friction or wind resistance) is equal to the power exerted 
by the motors in propelling the train ; the speed of the train will then 
be at the uniform maximum attainable on main-line railways. It is 
evident that the three-phase systems would be worked economically on 
long-distance runs, and will maintain a uniform speed and prove more 
advantageous than the continuous-current systems; but for urban 
short lines, with a considerable number of stations, involving stopping 
and starting of the train at frequent intervals of time, the continuous- 
current system possesses the advantage of a large variable speed and 
torque which is very desirable. With both the three-phase and con- 
tinuous-current systems for the same amount of power required to be 
given out by the motors on the train, the acceleration would be equal 
if these systems worked under the same conditions, and the energy in 
watt-hours consumed per train-mile would be equal in both systems. 

Мг. J. SINCLAIR FAIRFAX (соттипісаіса): In stating the general 
conditions applicable to electrical railways, the authors naturally avoid 
dwelling upon mechanical details. But Mr. Swinburne, in his verbal 
summary, laid stress on the desirability of obtaining a good variable 
speed-gear in connection with the subject of acceleration, at starting, 
especially on short urban or tube lines. Perhaps the most available 
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ME каш mechanical method of accelerating the starting and retarding the stop- 
ping of trains having short runs at a high speed is the well-known spring- 
buffer system, a system which has never yet been fully developed, for 
various reasons. On the principal steam railways the old-fashioned short 
coaches were an obstacle, and with long runs between stations, and 
light trains, it was unnecessary. So long as the locomotive could get 
sufficient tractive power to start a heavy train by first backing and 
compressing the buffer springs, and then leading off with practically 
one coach at a time for a few inches, it was sufficient. On the under- 
ground system in London, with its heavy trains and short runs, spring 
buffers are literally crushed out of action, for the coaches are per- 
manently coupled up with only a few inches of space between them, in 
order to save platform room, the land for which involves enormous 
cost. But on deep-level electrical railways other conditions apply, for 
the extra length of platform required involves only the cost of first 
construction and maintenance, and with a range of several feet for 
cach buffer, an easy method is available for accelerating and retarding 
the train motion. 

But to get the full advantage of acceleration and retardation the 
electric locomotive should be abolished, and the multiple-unit system 
adopted to the fullest extent, now that it has been shown to be avail- 
able. Electric locomotives served during the transitional period, as in 
the early days of lighting, gas fittings were adapted to carry electric 
lamps, but the time has come to relegate them tothe scrap pile. Heavy 
to start, and difficult to stop, locomotives absorb immense inertia, and 
therefore retard motion when the electrical engineer requires accele- 
ration, and maintain speed when he requires retardation. They also 
require heavier rails and larger sleepers throughout the whole length 
of the road than would be necessary were the multiple-unit system 
adopted, and we know now, authoritatively, how they produce excessive 
vibration. 

But the multiple-unit cars require some modification for long-range 
spring-buffers, to gain full mechanical acceleration. The end-doors, 
with their platforms, should be abolished; thus giving the full range 
required by the buffers. Three doors on each side could then be used 
instead of two end ones, as now, on London “ Tube” railways ; thus 
allowing for some acceleration in the movement of the passengers; 
while, as the cars, with their electric brakes, would be permanently 
coupled up, it would seem that with a two-minute service the brakes- 
men could be reduced in numbers, and better employed on the 
platforms of the stations than on the trains. 

Mr. Swinburne also said that the long steam railways were not vet 
ready for electrification, and that electrical engineers were certainly 
not ready, at present, to do it. Considering the cost of generating and 
distributing energy for long distances over which infrequent trains 
would run, and many of them slowly, it does not appear that electricity 
will ever supersede steam, directly applied, for such service. The 
locomotive is a fairly efficient steam engine, and unless watcr-power is 
available near such roads, it is likely to retain its present supremacy. 
That, however, does not prevent electrical trains being run on long 
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railways, for there appears no reason why high-speed trains, composed 
of one or two saloon carriages with electrical motors and charged 
accumulators always ready, should not be available at the principal 
stations as “specials,” for which a high price can be obtained, and if 
those are successful, it will be but a step to daily limited express trains 
of the same character. 

Mr. REGINALD Woop (communicated): I have read this paper with 
the very greatest interest. The constant-current series system is a 
perfect system : under perfect conditions. General traffic conditions 
must always fall far short of perfection. A railway system may be 
compared with an estuary, a small stream of energy flowing into it to 
overcome bearing and air resistance with a, maybe large, ebb and 
flow of gravitational and kinetic energy. Kinetic power is a term 
worthy of note. The electric system must have storage capacity for 
kinetic energy and powcr. 

The arrangement mentioned as a variable specd-gear was described 
by me many years ago (1894) under its more general purpose as a 
means of reconciling difference of pressure between supptier and user. 
In this arrangement the whole of the energy used must suffer conversion. 
When the pressure of user and supplier is sometimes the same, for 
instance when the locomotive can at full speed take full line pressure, 
as in tramway supply, the two extra machines for controlling the supply 
to the locomotive offer advantages which must have escaped the notice 
of the authors, since they condemn the machines as “clumsy and 
inefhcient." The machines must cost something, of course, but they 
only convert one-sixth of the accelerating and return kinetic energy, 
and they allow perfect control, and return of kinetic energy. The 
series parallel control wastes energy not only in the resistance, but 
also in the feeders, because the full current is supplied during accelera- 
tion when the power required is small. The use of two extra machines 
for controlling the locomotive allows a very considerable saving in the 
cost of transmission, because the current supplied by the line is not 
constant, although the locomotive current may be. The current 
supplied by the line is proportional to the power demanded by the 
locomotive ; that is to say, the useful energy required by the locomotive 
is supplied by the line at full line pressure, and the only wasted energy 
which is supplied is the conversion loss on the small amount converted. 
There are several suggestions in the paper for making control more 
elastic, but they all amount to either more or larger train motors. 
Nothing has been advanced in the paper which, in my opinion, justifies 
the condemnation quoted above. 

The use of the two extra machines enables one to realise under 
all practical difficulties the perfection which the series system could 
admittedly realise under ideal conditions only, namely, 100 per 
cent. load-factor on generators and on insulation. In addition, the 
parallel system is the most suitable to meet general and changeable 
conditions. In fact, the two extra machines enable us to do exactly 
what we want to do. The paper serves to show how vast is the 
subject. There are many separate points which could itake a paper 
each. 
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Messrs. SWINBURNE and Cooper (in reply): From the discussion it 
appears that the object of our paper has to some extent been misunder- 
stood. It was not our object to advocate a constant-current system to 
the exclusion of other systems already in use, but rather to bring 
forward this system for consideration. In a paper of this kind it is 
impossible to go into matters of detail, and we did not feel it necessary 
to do so, because we are dealing with systems which are not in use, and 
the first thing to be done in such a case is to consider the possible 
advantages. If it is found that the advantages are worth considering, 
then we may go into matters of detail and see if a system can be 
worked out. We do not, however, wish to underestimate the difficultics, 
or to infer that they do not exist. But, on the other hand, nothing is 
gained by taking difficulties too seriously, for they can generally be 
overcome if it is really necessary that they should be overcome. The 
history of our industry is full of cases in which difficulties have been 
solved when it has really been found necessary to do so, and of 
systems which have been discarded but finally found to be of great 
value. 

A great deal of the criticism that has been made amounts to saying 
that a series constant-current system will not work on railways because 
it has been found to be unsatisfactory on tramways. That is the 
attitude taken up by Mr. Dow. But it must be remembered that such 
attempts took place some time ago, that the sections were very short 
and connected by switches which were worked by the car itself. Since 
that time there has been a great advance in the design of constant- 
current generators. M. Thury has put down a number of installations 
on this system with gencrators up to about 350 k.w. at about 150 amperes. 
There seems to be no difficulty in working these stations, and the switch 
gear is very simple compared with that which generally appears in high- 
tension stations. On railways the sections would no longer be short: 
they might be any convenient length, and the switches would not be 
worked by the train but from signal-boxes, and would be simpler. At 
starting, the motors would not, of course, be given the full current. 
because this would mean that the acceleration is varied from zero to its 
full value almost instantaneously, which would cause discomfort to the 
passengers. It is a mistake on the part of Mr. Geipel to say that 
constant accelcration is uncomfortable ; it is reaching the constant value 
that is unpleasant. Discomfort is felt in starting a high-power motor 
car because the acccleration is varying the whole time up to constant 
speed (zero acceleration), there being generally no period of constant 
acccleration. The same thing applies to braking, though not to the 
same extent. 

With regard to generation, extension of a series system is not so 
simple as in the case of parallel, because it would be inconvenient to 
go bevond а certain pressure, and therefore a single generating station 
would not be able to supply the same length of line if the trafhc were 
heavy. This is no doubt а disadvantage. But the generators cannot be 
compared with arc lighters, for these were run at constant speed and 
the load was quite different from a motor load. ‘That two conductors are 
required along the track instead of one is of course a disadvantage, but 
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the arrangements for switching are simpler, and high-tension direct- 
current is likely to give less trouble than alternating in transmission. 
Transformation should not be required except for lighting purposes, 
and can, of course, be effected by a motor generator. 

Referring to the general problem of electric traction, we do not wish 
to suggest that main lines cannot be worked electrically, but we do wish 
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to emphasise the great difference between this problem and that of . 


urban lines. No doubt, as pointed out by Mr. Langdon, certain 
economies may result, for example in the supply of water, in repairs, 
and in reduction of weight; but the capacity of thc line cannot be 
much increased by changing the motive powcr, because different 
classes of traffic have to be dealt with, and the specd of many of the 
trains cannot be raised to any great extent on the existing permanent 
way, even if it were not prohibitive from the point of view of cost. 
Therefore the question of efficiency is more important on main than on 
suburban lines. In the case of steam traction, the power is supplied 
direct ; but in electrical methods there are transformations, and the total 
plant capacity is much more than that of the locomotives, for there is 
first the steam plant, then the generators, and finally the locomotives, 
with possibly transforming plant as well. The capital cost is therefore 
necessarily high, compared with steam locomotives, and although there 
is the advantage of a morc or less constant load, this advantage may be 
lost to a large extent through these transformations, particularly if the 
system is not efficient. Thus simplicity in distribution is more 
important on main than on urban lines. 

In referring to Table VI. itis well to remember that the figures there 
given are mean results for all classes of traffic. In the case of passenger 
trains the cost of locomotive power is less, whereas that for goods 
trains is higher, and for mineral trains still more. It follows, therefore, 
that economy is more likely to be obtained by applying electrical 
methods to goods and mineral trains than to passenger trains. 

On urban lines the question of torque is, of course, most important. 
The steam locomotive can be made to give a high torque if not for high 
speed, but the unevenness of the torque prevents full advantage being 
taken of it. We do not wish to infer, however, as Mr. Geipel seems to 
think, that the steam locomotive can compete against the electric 
motor. The latter, besides having great torque, acts in a way, as 
pointed out by Professor Carus-Wilson, as a change-speed gear, in 
varying the torque per ampere. But as long as the amperes have to 
exist at the full pressure with only a small back E.M.F., the result 
cannot be considered as very satisfactory. The desired effect is, of 
course, obtained in the Leonard system, but the weight would be 
heavy and the efficiency low in transforming from alternating to direct, 
though not in dealing simply with direct current, which is apparently 
the particular case considered by Mr. McMahon. But it is preferable 
that the whole of a line should be worked on the same system. We do 
not suggest three systems, as Mr. Geipel seems to think, although there 
may be some difficulties at sidings ; these, however, have probably 
been exaggerated. 

Mr. Crawley remarked that а power-factor of 0°7 in the return of 


1056 SWINBURNE AND COOPER: PROBLEMS OF [April 24th, 


Messrs energy was not a serious objection to the three-phase system, because 

Swinburne . , А 

and Cooper. the wattless current requires practically no energy. It is not the 
additional current, however, that makes the return of energy useless, 
but the effect which the low power-factor has upon the generators and 
other motors. 

Mr. McMahon has criticised the figures in Table I. rather in the 
light of his experience on the City and South London Railway. The 
calculutions were based to some extent upon the results obtained on 
the Liverpool Overhead Railway, as these show how much the power 
is liable to be increased by a high acceleration. Of course the 
generating station may have to be larger, but in practice the power 
required would not increase so much as is shown by the theoretical 
diagrams in the paper because a constant acceleration would not be 
maintained up to full speed. No doubt the load for cach train would 
be on the station for only a short time, but as the number of trains on 
an urban line is large, the total load on the station would be fairly 
constant. High acceleration may mean increased total cost, but this 
may be more than compensated by an increased capacity of the line. 

. It is difficult to sec how a line like the City and South London Railway 
will be able to compete successfully in the future with a well-managed 
electric tramway running parallel to it unless high acceleration and 
high average speed is adopted. Passengers must be offered some 
inducement to go out of their way to an underground railway. 

The use of buffers, mentioned by Mr. Fairfax, would assist only 
during a very short part of the time of acceleration, and when the 
spced is very low, so that any saving effected by such a method would 
be very small. 

Mr. Digby does not think that uniformity of locomotives is im- 
portant. Most people, however, will agree that it is very desirable 
about large towns, where locomotives of different lines frequently rua 
on the same metals, as for instance at Aldersgate Street. 

It is no doubt desirable to avoid complication of conductors at 
points and crossings, but we fear that the arrangement suggested by 
Mr. Holroyd-Smith would be casily carried away. 

The The PRESIDENT: Thereare one or two points which have transpired 

President. during the discussion on which I should like to make an observation. It 
has been remarked that uniformity of gauge and pressure is of very great 
importance. Unquestionably such is the case, more so with electrically 
driven vehicles than with steam driven vehicles. With railway traffic 
conducted by the steam locomotive, each company has its own stock 
for the purpose. The vehicles of one company pass over the lines of 
other companies, but they are almost invariably drawn by the engine 
belonging to the company possessing the line. When the time comes 
to deal with the traffic electrically there is no question but what each 
or several of the vehicles will be provided with their own motors, and 
therefore there is, in considering this question, the greater necessity for 
uniformity than is the case with steam railways. Standardising then is 
of importance. 

A question has been raised with respect to conductors. It has 
appeared to me throughout this question of electric traction for rail- 
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ways that the means of conveying the current to the vehicles and its 
collection is the fundamental question ; and although I do not wish at 
all to throw cold water upon the overhead system, yet I should like to 
recommend that the surface system should receive as much attention 
on the part of engineers as the overhead means of conveying the 
current. There can be no question but what two conductors might 
be established on the sides of the lines of railways readily enough, 
but in that case it means that the collectors must be established at a 
sufficient distance apart on the vehicle or throughout the train as shall 
provide for the break that must take place where lines of railway inter- 
sect one another. | 

I am quite sure that you will readily accord the authors a very 
hearty vote of thanks for the excellent and interesting paper they have 
given us. 

(The vote was carried by acclamation. ] 

We have now to take into consideration the model General Con- 
ditions which have been, after much consideration, prepared by a 
Committee appointed by the Council to deal with the subject, the 
object being, of course, to get together such general conditions as 
might be acceptable to the profession. It is perhaps needless to say 
the Council desire to obtain the views of all members who are com- 
petent to give advice with respect to the wording of the several sections. 


A Form of MODEL GENERAL CONDITIONS! recommended for use in 
connection with contracts for Plants, Mains, and Apparatus for 
Electricity Works, prepared by a Committee appointed by the Council, 
and ultimately to be presented to the Council for adoption as the 
Form recommended by the Institution, was now submitted to the 
meeting. 

The discussion on these General Conditions was opened by the 
Reporter to the Committee, Mr. Robert Hammond, and was continued 
by General Webber, Mr. J. S. Raworth, Mr. J. A. Jeckell, and Mr. G. H. 
Nisbett. 


The PRESIDENT announccd that the scrutineers reported the follow- 
ing candidates to have been duly elected :— 


Members: 


Harold Dowson. | Jack Hissink. 
Frank A. Newington. 


Associate Members: 


Wm. Jas. Woodward Bullock. Wm. S. J. A. Jones. 

Harry Crowther Caldwell. Ernest Marples. 

Wm. John Head. Geo. H. P. Morgan. 

Ed. Massey Hollingsworth. Paul Somerville Thompson. 


Albert Richard Tudman. 


t The General Conditions not being in their final form, it has been 
decided not to publish them in the Journal at this stage. The notes of 
the discussion have been laid before the Committee for consideration. 


The 
President. 
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Associates : 
Geo. Herbert Carter. George Hardwick Hardwick. 
Anthony Hedley Chisholm. Joseph Josephs. 
Arthur Rainsford Craddock. Wm. Lang. 
William Fletcher. Arthur More Simpson. 
Arthur Wm. Greville. Karl Otto Swan. 
Student: 


Wm. Jas, Procter. 
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The Three Hundred and Seventy-Eighth Ordinary General 
Meeting of the Institution was held at the Institution of 
Civil Engineers, Great George Street, Westminster, on 
Thursday evening, May 1, 1902—Mr. WILLIAM E. 
LANGDON, President, in the Chair. 


The Minutes of the Ordinary General Meeting held on April 24, 
1902, were read and confirmed. 


The names of new candidates for election into the Institution were 
announced, and it was ordered that their names should be suspended. 


The following transfers were announced as having been approved 
by the Council :— 


From the class of Associate Members to that of Members— 


Frederick Augustus Cortez-Leigh. | Edward Ernest Hoadley. 
Jonathan Edward Hodgkin. 


From the class of Associates to that of Members— 


Charles Vickery Drysdale. | Alfred Schwartz. 


From the class of Associates to that of Associate Members— 


Herbert Bryan Poynder. 


From the class of Students to that of Associates— 


Llewellyn Rolls Lester. 


Messrs. J. J. C. Bacon and S. Joyce were appointed scrutineers of the 
Ballot for the election of new members. 


Donations to the Building Fund were announced as having been 
received since the last meeting from Mr. A. A. Crawford, and to the 
Benevolent Fund from Mr. R. J. Wallace Jones, to whom the thanks of 
the Meeting were duly accorded. 


The PRESIDENT: I have to announce that the Conversazione is 
appointed to take place on July 1st at the Natural History Museum, 
on which occasion opportunity will be taken for meeting some of the 
members of the Municipal and Electrical Association, and also to 
receive the foreign delegates to the Tramways and Light Railways 
Congress, who will be in England at the time. 

I have also to announce that the Institution is convening a 
Conference of representatives of the Electric Light and Traction 
Industry with reference to the Factory and Workshops Act. This 
meeting is appointed to take place at 3.30 p.m. on Monday, May 12th, 
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at the Society of Arts. The object is to elicit expressions from the 
engineers or chairmen, or those who may represent them, of companies 
and Corporation Committees operating electricity and generating 
stations with reference to the effect of this Act in respect of generating 
or transforming works, and also to ascertain whether they are desirous 
that the Institution should take any action in the matter. The Institu- 
tion, I need not say, desires to fulfil any duty which may be called for 


by the meeting. 
I have now much pleasure in calling upon Mr. Brown for his paper 
on automatic relays. 


AUTOMATIC RELAY TRANSLATION FOR LONG 
SUBMARINE CABLES. 


By S. G. BROWN, Associate Member. 


The system of relay working for long submarine tele- 
graph cables here described must not be looked upon as 
being in an experimental stage. [t is in everyday use on 
some of the lines of the largest Cable companies, notably of 
those of the Eastern Telegraph Company, their station at 
Gibraltar having been the first to be fitted up for auto- 
matically translating cable messages between Porthcurnow 
in England and Alexandria in Egypt. 

The usual methods employed on cables at the present 
time is to receive signals on a strip of paper, written by 
a siphon recorder, as a dotted ink line. The message at 
an intermediate station is then punched by hand on another 
strip of paper, which strip is passed through an automatic 
transmitter for retransmission over the next line. Or, if the 
speed of signalling and the conditions of the circuit will 
allow of it, the message is read off the siphon recorder 
strip by the clerk, direct, as it flows from the instrument, 
and sent on by a hand-key, signal by signal. This latter 
system is termed * Human Translation," the speed being 
necessarily limited by the possible rate of hand transmission, 
and it is slow, laborious, and permissible at only one station. 
A cable relay is, therefore, valuable in that it replaces the 
clerk in all these operations, receiving and sending on the 
trafic automatically, whatever may be the speed of trans- 
mission. I believe the provision of a Submarine Cable relay 
has been one of the problems, to the solution of which the 
attention of telegraph engineers has been turned for some 
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years. The requirements in such an instrument are great 
sensitiveness, combined with the capability of being worked 
at a high speed by the feeble forces available at the receiving 
end of a long cable, and the absolute assurance of perfect 
contact. With the exceedingly feeble current obtainable at 
the end of cables, when operated at their present working 
speed on the siphon recorder, it is useless to bring two 
pieces of metal into “butt” contact with the view of closing 
the circuit of a battery, so as to work, say, a Post Office 
relay, since the resistance of such a contact may be normally 
many thousands of ohms, whilst, if the local battery is 
increased so as to break down this resistance, the contact 
on passing a current coheres or sticks together and prevents 
the cable current from opening the circuit. This disturbing 
force, although a great drawback in sensitive relays, has 
been -effectually made use of for purposes of Wireless 
Telegraphy. 

Varley, in his patent No. 3,456 of 1862, proposes to get 
over the difficulty of the relay contact sticking after the 
passage of the current by revolving the contact pieces, 
but I have found by actual experiment that such a move- 
ment actually increases the trouble of making contact, so 
that, on the whole, the remedy is as bad as the disease. 
I have found, however, that with such a form of relay, 
the resistance of the contact could be reduced by the use 
of a suitable short-circuiting condenser. 

About the early part of the year 1899, I discovered that 
good electrical contact could be made and maintained by 
keeping the end of the relay tongue pressed upon the 
surface of a divided plate, and that frictional resistance to 
side motion of the tongue could be reduced and almost 
eliminated by moving the plate under the tongue, or what 
amounts to the same thing, by moving the tongue over the 
surface of the plate, the movement in each case being 
maintained in the direction of the length of the tongue. 
To obtain the best effect and greatest sensitiveness, the 
relay tongue is arranged in practice to move across the 
surface of a rotary drum, the drum is divided into insulated 
sections, and the sections joined to Post Office or similar 
relays. This relay is called the “ Drum Cable Relay.” 

In Fig. 1, a is a recorder coil suspended in the field 
of a permanent magnet М; f is a light suspended frame 
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to carry the relay tongue p; the frame is joined to the 
suspended coil a by two silk or quartz fibres. The pointer 
pf is a fine siphon glass tube carrying through its bore а 
phosphorbronze wire. This wire is soldered to an iridium 
tip, which tip is shellacked to the extreme end of the 
siphon tube. The iridium tip bears lightly upon the sur- 
face of the drum D, which is kept revolving at about 150 
revolutions per minute. The drum D is made in three 
parts: the two outer ones, d' d", constitute the * dot - 
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FIG. 1. (See also Plate 1, pp. 1074, 1075.) 


and “dash "-marking surfaces, and the middle one, upon 
and in the centre of which the pointer normally rests when 
no signal or current passes, is insulated. When the tongue 
is deflected by the movement of the coil to form say a dot, 
a circuit is made through the battery 5, the tongue f, and 
the Post Office relay R'. A movement of the tongue in the 
opposite direction would close the circuit of the Post 
Office relay К”. 

The relay depends for its efficiency upon the reduction 
of frictional resistance to the lateral movements of the 
tongue, and it is easy to prove that this effect is due to the 
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tangential motion of the surface, for if the drum is stopped 
when signals are being received, the tongue also comes 
at once to rest, since the currents leaving the cable are of 
insufficient strength to overcome the statical friction between 
tongue and surface. This principle is somewhat ignored, 
I am afraid, in most treatises on friction ; might there not 
be a parallelogram of friction corresponding to that which 
we use in dealing with Force and Motion ? 

S' S" are condensers of 2 microfarads capacity each, used 
to short-circuit the sliding contact between the tongue f 
and the drum 4. Without them, good electrical contact 
can only be maintained when the surfaces of the drum 
and the tongue are very much cleaner than they can 
possibly be kept in practice. Why these condensers do 
improve the contact, making the contact practically perfect, 
I am not prepared to say. One eminent electrician main- 
tains that this proves the existence of a vibratory contact. 
We all know why a condenser improves a vibratory contact, 
but I hardly think this touches the root of the matter, 
because І find that when the surface of the drum is ex- 
ceptionally smooth the value of the condenser is usually 
more pronounced. 

K is the receiving condenser. This condenser is placed 
in the circuit to act as a curb to the signals and to block out 
earth currents. The current from the cable c passes through 
this condenser before flowing round the suspended coil a 
to the earth plate E. The placing of the condenser K in 
the circuit introduces a difficulty due to its becoming 
charged under a succession of signals of the same polarity, 
producing whdt is termed “Variable Zero." This varia- 
bility of zero which, unless special means are provided 
for its elimination, always occurs in cable signals when 
receiving condensers are employed, is of little or no im- 
portance if the siphon recorder is used as the receiving 
instrument, but is fatal to the working of a relay of any 
form. 

Whilst experimenting with Mr. A. L. Dearlove at Porth- 
curnow on the Gibraltar-Porthcurnow cable of the Eastern 
Telegraph Company, the variability was got rid of by 
placing a high resistance shunt across the receiving and 
transmitting condensers, but this method was not found 
quite practical owing to the fact that earth-currents were 
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not entirely excluded by the shunted condensers. The 
consequence was that the earth-current temporarily upset 
the adjustment of the relay, and this mode of working was 
objected to by the Company. For this reason I devised 
another method, which in practice has been found entirely 
satisfactory. 1 shall explain it here as briefly as possible. 

“Variable Zero” may be got rid of by means of 
“Local Correction,” that 15 to say, a current from a local 
battery and the relay R’ R" is sent through a circuit having 
considerable retardation made up of a condenser placed 
between two high resistances, condenser and resistances 
being capable of minute adjustment. The relays R' R" 
produce the same order or combination of signals as that 
charging up the condenser K. As the current from the 
cable, due to this choking action of the condenser, dies 
away, so at exactly the same rate does the current from 
the local correction circuit increase. The correction 
current flows through a separate winding on the suspended 
coil a in the same direction as the signals, so as to com- 
pensate for the loss of current from the cable, thus 
eliminating “Variable Zero” disturbances entirely from the 
working of the relay. 

L is a magnetic or inductive shunt of 3o ohms resistance, 
joined across the terminals of the suspended coil a. The 
shunt can be adjusted to suit cables of from 1 to 10 K.R.; 
the largest size at present used has a very high selí- 
induction. I am not at present prepared to say what the 
value is. It is secured by the use of many thousands of 
turns of copper wire, and a heavy closed magnetic 
circuit. The mechanical arrangement of this shunt is ot: 
the lines of the well-known “ Mordey" transformer. 

Roughly speaking, to get high inductance to deal with 
the slow changes of current from a cable, we must have 
weight. Our largest shunt turns the balance at something 
like 3 cwt. When operated by the cable currents from the 
end of a line, the iron of the shunt must be magnetised only 
in its initial stage, the molecules being magnetically strained 
well within their elastic limit. In support of this statement, 
I shall refer you to Professor Ewing's book on * Magnetic 
Induction in Iron and other Metals," chap. vi., from which 
the following is more or less a quotation. 

Lord Rayleigh in testing magnetometrically a bar of 
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iron, one end of the iron being very near the magnetometer, 
and with a compensating coil adjusted to balance the 
magnetism, which a feeble magnetising current induced in 
the bar, found that the compensation remained perfect if 
the magnetic force fell below о'оооо4 C.G.S. Within this 
range of force there is no retentiveness. The magnetis- 
ing process begins like the straining of a solid body 
with an elastic stage, within which there is no permanent 
set. Some electricians have thought that there must be 
a drawback to the use of iron in these shunts, especially 
as the iron forms a closed circuit. They have suggested 
air as being a more perfect material, but I think the above 
well meets their objection. The permeability of the iron 
of these inductive shunts when used for cable work is 
probably somewhere about 150 as against the 1,200, or 
thereabouts, when used as transformers for alternating- 
current lighting work, the permeability of air being r. 

Magnetic shunts have been designed, so that the mole- 
cules of iron may be shaken up by an alternating-current 
excitation. This alternating-current circuit is disposed so 
that there shall be no interaction between it and the shunt- 
winding. The permeability of the iron may thus be greatly 
increased. The method has been tried with satisfactory 
results. These magnetic shunts are of very great value in 
cable work, for they steady and curb the action of the relay 
coil, and without them relay working would be well nigh 
impossible. Their action on a siphon recorder is no less 
marked : using a * plain" automatic or hand-key as sender, 
they produce curbed signals, and this with an increase 
of speed. 

The Drum Cable Relay apparatus, so far as I have 
described it, is all that is necessary for simple translation 
on short cables, a hand-key being used at the first station, 
the relays R' R" being connected to work two sounders, 
which sounders are joined up with a battery, in the same 
way as a hand-key, to transmit the messages over the second 
line; but in what follows I shall assume that at the originat- 
ing station an “automatic transmitter " is employed. 

Although scarcely necessary, it may be well here to call 
attention to the fact that when a cable is worked at its 
highest practicable speed, many of the originating impulses 
are obliterated from the received signals whenever successive 
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impulses of the same polarity or sign occur. It is therefore 
evident that if the impulses sent Бу. the relay apparatus into 
the second cable are to be identical in character with those 
sent into the first, it is necessary to reproduce the missing 
“beats.” The instrument used for this purpose is called an 
“interpolator.” Its action resembles that of the automatic 
transmitter at the originating station, with this difference, 
that the movements of its transmitting levers, instead of 


FIG. 2. (See also Plate 2, pp. 1074, 1075.) 


being governed by the perforations in the punched tape 
or strip, are governed by the motions of the relay tongue. 
The interpolator sends into the second cable impulses 
similar to those entering the first cable, and these may be 
either “curbed” ог “plain” as required. To use this instru- 
ment to the best advantage, it is necessary that it should 
run in approximate synchronism with the automatic trans- 
mitter, and that the speed of the last-named instrument 
should be nearly uniform. 

The interpolator consists of two sets of signalling levers, 
similar to each other but mechanically distinct. One set 
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sends on the “dot” signals and the other the “dashes.” 
Fig. 2 shows the mechanism of one-half of the interpolator, 
which acts as an automatic transmitter, forwarding the 
“dot” signals received by the drum relay from the first into 
the second cable. The electromagnet E is worked from the 
relay R' of Fig. 1. The other set of mechanism, or “dash” 
side, not shown, is worked from the relay R”. When the 
electromagnet E is energised it pulls down its armature, 
removing the catch C from holding the clutch-sleeve 4, 
allowing it to revolve. The clutch-sleeve 
as it revolves moves the lever L so as to 
make contact with the lower contact point 
F, this putting battery to line. S is a 
spring-lever worked from a crank-pin on 
top of the clutch-sleeve ; the crank-pin 
revolving, rocks the lever and operates the 
reverser R to which the battery is con- 
nected, and this, at stated times in the 
revolution, reverses the battery, which 
acts as a curb to the first battery current, 
or cutting off the battery and putting the 
line to earth, to act as “plain " automatic 
as the case may be. By moving the re- 
verser R, relatively to the crank-pin, а bias 
may be given the spring of the lever S. 
Such a motion will allow of the duration 
of the curb or earthing period being ad- 
justed. D is a spiral spring to help the 
clutch-sleeve to ride over its lifting rollers. 
The clutch mechanism is driven by a Fic. 3. 
small governed electro-motor. The clutch 

is more particularly shown in Fig. 3. S is a rotating spindle 
to which the collar G is fixed. The clutch-sleeve, loose on 
the spindle, carries at its end the cam plate 4, is provided 
at its lower end with teeth, which are adjusted to gear with 
similar teeth on the collar. A spring B tends to force the 
clutch-sleeve into engagement with the collar. The sleeve is 
provided with pins or projections, one of which, C, engages 
with the arresting device, and these ride upon fixed lifting 
rollers L L (which are shown dotted) when the sleeve is at 
rest, and thereby raises it out of engagement with the rotary 
spindle. When the arresting device is removed by the 

Vor. 81. 71 
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magnet Е, the clutch-sleeve is pulled off the rollers L L by a 
spring pulling at the crank-pin D, and thus thrown into 
gear with the spindle, operating the ишы levers as 
previously described. 

When an h is received from a long cable on the drum 
of the relay, the tongue remains in contact with the dot 
side throughout the four beats of the letter, simply pro- 
ducing one long contact on the “dot” Post Office relay. 
This long signal is split up by the interpolator and trans- 
mitted as four dots. 

In place of the interpolator, an “automatic perforator " 
(see Plate 3, at end) may be employed. The automatic per- 
forator is constructed very much like the interpolator, with 
this difference, that in place of two there are three clutches 
adapted to operate punches, by means of cams, for per- 
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forating the signals on a paper tape, such as is employed 
when using the automatic transmitter. To prevent waste of 
paper, a stopping device is brought into action after the 
machine has fed out, say five inches of blank strip, this after 
the last signal has been received. The perforator reproduces 
on punched tape a facsimile of the message on the punched 
tape used at the originating station, and the copy is im- 
mediately available for sending on by the usual automatic 
transmitter. By the use of this auto-perforator it is possible 
for a single short cable to feed two long ones, or vice versd, 
with a minimum of delay. 

In order that slight failures in the relay apparatus may 
be instantly seen, it is necessary to have two local registers 
at the transmitting station, one showing the drum and tongue 
contacts, the other the signals actually sent into the second 
cable. The register for showing the drum and tongue con- 
tacts of the cable relay has been found to be most valuable 
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and efficient, and automatic translation cannot very well be 
maintained without it, for it gives a record of what takes 
place in the most delicate part of the apparatus undisguised 
by defects of the Post Office relays, or the defects and 
corrective effects of the interpolator. 

Such a record is seen in Slip A of Fig. 4. These signals 
were recorded by a direct writer, worked straight off the 
Drum Cable relay. It shows the quality of the contact, and 
gives an outline of the signals as they arrange themselves 
on the drum when everything isin correct adjustment. By 
observing such a record, the relay may be kept in adjustment 
and faults in transmission easily detected. 

Slip 4 is a record of signals received from a cable relay 
direct at 140 letters per minute over a duplexed cable of 
52 К.К. under actual traffic conditions. It will be ob- 
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served that there аге по “ beats” in the signals when the 
same follow each other on the same side of the line, the 
tongue of the relay having held over in these cases without 
breaking contact. 

On the other hand, Slip B shows signals recorded by a 
direct writer worked off local circuit with the interpolator; 
here we have all the signals clearly recorded. Such a 
record was received from a relay over a cable of 2:8 K.R., 
simplex working at 210 letters per minute under actual 
trafhc conditions. | 

In Fig. 5, Slips 4 and B show records of signals received 
on the Drum Cable relay apparatus, worked from a duplexed 
cable of 2:8 К.К. at 150 letters per minute; the sending 
battery was 60 volts. The signals were translated by the 
relay apparatus through an artificial line of 25 K.R., the 
signals being written by a siphon recorder. 
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Slip A shows signals as received on the siphon recorder 
when an automatic transmitter was used at the originating 
station; the message was sent on from the relay by a 
“curb” interpolator.. Slip B shows signals as received 
when a couple of sounders were joined up like a hand-key 
to be worked by the relay in place of the interpolator. Slip 
C shows signals transmitted under similar conditions as 
Slip B, but a hand-key was used in place of the automatic 
transmitter at the originating station. 


Having finished the description of the Cable Relay 
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Translation apparatus, I wish now to describe briefly 
the “ Magnifying Relay,” a relay that was the forerunner 
of the “Drum Cable Relay.” I invented the “Марпі- 
fying Relay” in the year 1898. It is not, at present, 
employed on any of the cables, but I know no reason why 
it should not be of great use to the Cable Companies in 
the future. 

As shown in Fig. 6, the instrument consists of a per- 
manent magnet, or direct-current electromagnet 4, and of 
an alternating electromagnet B. In the field of the magnet 
A is suspended a “recorder” coil a, say of about 500 ohms 
resistance ; in the field of the alternating-current magnet 
B is suspended another and similar “recorder” coil b. 
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The suspended coils a and b are coupled together by silk 
fibres, as is shown in the drawing. The arrival current 
from the cable C flows through the coil a to the earth-plate 
E, causing the coil to move, and as the suspended coil 6 1s 
joined to it by the fibres, b will follow the motion of a. 
С is an electric battery. W is a current reverser that 
turns the direct current from G into an alternating one. 
H is a condenser of suitable capacity, placed in the circuit 
so as to neutralise the self-induction and stop sparking at 
the current reverser W. 

If W 1s revolved at a proper speed, the magnetic lines 
of force will be moving in and out of the iron of the magnet 
B, say at a periodicity of тоо ГЈ, threading through the 
suspended coil b, when it is at all moved out of its normal 
or neutral position, and inducing a voltage, proportional 
to the angle, or more correctly, perhaps, to the sine of the 
angle of deflection. By these means energy may be 
generated in the coil b, which may be hundreds of times 
greater than that employed to move the coil, this greater 
energy increasing and diminishing in exact proportion to 
the rise and fall of the controlling current. I should 
compare this action, if 1 may be allowed the licence, to a 
driver directing the energies of a horse by a pair of reins. 
R is a rectifier revolving on the same shaft as the current 
reverser, so as to turn the alternating current induced in 
the suspended coil b into a direct or unidirectional current 
in order that it may operate a “siphon recorder," “ direct- 
writing recorder," or any other suitable instrument, as the 
case may be, the instrument being placed in circuit. with 
the lead S S. 

If the circuit of the coil 5, that hangs in the alternating- 
current field, possesses only resistance, the induced current 
will produce no disturbance on the period of the coils, or 
on the sensitiveness of the suspension. 

To explain this, in Fig. 7 I have drawn theoretical 
diagrams representing sine wave curves. I is the curve 
of magnetic induction, A the curve of induced volts, which 
is, as is well known, at right angles to the curve of magnetic 
induction, and B is the current curve, which flowing in a | 
circuit of plain resistance would be exactly in phase with 
the induced volts. This being so, the amperes, as a whole, 
will produce no reaction on the alternating field а/е, 
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because, as is seen, the portion abc is exactly equal to, 
opposed, and neutralised by, the portion cde. But it 
is otherwise, if there is capacity, because then the amperes 
will be accelerated, this acceleration being due to two 
E.M.F.'s impressed on the circuit, one due to the moving 
magnetic lines, and the other to the voltage stored up in 
the condenser, the portion a b c being less than that part 
of the curve cd e, the difference acting on the magnetism 
so as to cause the coil b to move out of the field. If 
there is inductance, the contrary action will take place, 
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in which case, the part abc being greater than the part 
cde, the coil will then endeavour to remain in the field 
opposing the action to move it out. 

Capacity has the same effect as slackening the control 
of the suspensions, increasing the period of the coils and 
making the instrument more sensitive, while induction 
stiffens up the coil reducing the period. This being so, 
a ready means for adjustment is provided for by plugging 
in induction or capacity, the control over the coils may be 
instantly increased or lowered, and this is so, whatever 
may have been the initial mechanical control, within reason. 

I have arranged the instrument, on some occasions, to 


1902.) FOR LONG SUBMARINE CABLES. 1073 


work with only one suspended coil, combining the alter- 
nating and direct currents on one field-magnet, the current 
from the cable passing through a choking coil before flowing 
round the suspended coil. The choking coil stops the 
induced alternating current from flowing into the cable, 
while the current from the cable is blocked, say by a con- 
denser, from flowing past the rectifier and wasting its 
energy in the local circuit. Such a single-coil instrument 
acts as well as a double-coil one, but I do not know if it 
possesses any special advantage except on the score of 
mechanical simplicity. 

On trial with the magnifying relay over an artificial 
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cable, I have obtained some rather interesting results. 
For instance, the Slip 4 in Fig. 8 shows signals written 
by a siphon recorder, worked by a “magnifying relay." 
The “magnifying relay" acts as a receiver at the end of 
an artificial line of 7,000 ohms resistance and 310 micro- 
farads capacity. An automatic “curb” transmitter was 
used as sender, the speed being 150 letters per minute, 
the sending battery having a potential of only 3 volts. 
Slip B shows the signals received under identical condi- 
tions, but with the “magnifying relay” cut out of circuit, 
the siphon recorder acting as receiver direct. Again, the 
Slip C shows signals written by a siphon recorder worked 
off a “ magnifying relay," while Slip D shows the signals 
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as received by the siphon recorder direct, the relay being 
cut out of circuit. The currents were transmitted by an 
automatic * curb" transmitter at 185 letters per minute, 
with sending battery of 5o volts, the K.R. of the line 
being 3:6. 

Slip E shows signals received at a fairly high speed, the 
siphon recorder being worked off the induced currents of 
the “magnifying relay,” as in slips A and С, the artificial line 
had a retardation of 3:6 K.R., the automatic “curb” trans- 
mitter was sending with a battery of 42 volts, the speed of 
signalling was at the rate of 280 letters per minute. 

When signals at a moderate speed were being received 
on the particular magnifying relay used in these experiments, 
it was difficult to detect by the eye any motion whatever in 
either of the suspended coils when observed through a 
strong magnifying glass. Though small in amplitude, it 
is certain that the motion occurred from the fact that the 
currents induced thereby were sufficient to cause large 
and very visible movements in the signalling coil of the 
siphon recorder. 

The * magnifying relay" seems to possess three main 
points of advantage for cable working :— 

I. lt пау be used to work the siphon recorder with the 
signals of the same size, and at the same speed as at present, 
but with greatly reduced sending battery power. 

2. It may be used to work the siphon recorder with the 
signals of the same size, the same definition, and the same 
sending battery as at present, but at a greater speed. 

3. I believe it may be used to work over a cable under 
the same conditions as regards speed and battery power as 
at present, but the signals may be written by a “direct 
writing recorder" in place of the present “siphon 
recorder.” | 

Now I should like to suggest а use for this instrument or 
part of the instrument for electrical engineers other than 
telegraph men. Referring again to Fig. 6, and considering 
only that part marked Bb: If the winding round the 
magnet is supplied with an alternating current, say of 
sine wave form, we have seen that if induction or capacity 
is introduced in the circuit of b, the rectifier being dis- 
pensed with, the current flowing in the circuit will be put 
out of phase with the induced volts, and a mechanical 
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reaction takes place between the coil b and the magnet B, 
the coil tending to move one way for induction, and in 
the opposite way for capacity, b being supposed suspended 
in such a manner as to cut some of the moving magnetic 
lines, its motion being studied by means of a mirror reflect- 
ing a spot of light on to a scale. 

A complex circuit could be tested and compared with a 
standard, the deflection showing the resultant capacity or 
induction ; or, perhaps, the capacity, say of such a thing as a 
coherer, could be found out by this means. I believe that 
such a reaction galvanometer could be worked up to measure 
capacity and induction in the same way as an ordinary 
galvanometer measures resistance. 

Messrs. H. A. Taylor and A. L. Dearlove, both of the 
firm of Messrs. Clarke, Forde, & Taylor, pointed out this 
line of investigation to me. They gave the convenience and 
necessary encouragement, and have done all in their power 
to help me in every possible way, and I wish to acknowledge 
my deep indebtedness to them. 


The PRESIDENT: Mr. Brown appears to have overcome a very 
great difficulty, and I am sure everybody in this room will join with me 
in hearty congratulations to him. This is a matter which, I think, is 
of very great interest to Professor Ayrton, and I am sure you will be 
very glad to see him here again with us this evening. Therefore, if it 
will not be taxing him too greatly, I will ask him to commence the 
discussion. : 

Professor AYRTON: Mr. President, in response to your invitation I 
rise to open the discussion on this most interesting paper which 
Mr. Brown has given us, a paper which takes us back to the old days 
of twenty years ago when telegraphic transmission was the only 
electric transmission of power that we had anything to do with. The 
problem of transforming the signals of а siphon recorder, the blurred 
signals which are received at the end, say, of a long Atlantic cable into 
ordinary Morse signals such as are used on land telegraphs, has 
occupied a great number of people at different periods, but as far as 
I am aware this is the only successful practical solution that has ever 
been reached. I am sure the congratulations of the Institution must 
be given to Mr. Brown for having so successfully overcome the most 
obvious difficulties. The difficulties are obvious, but the method of 
overcoming them not by any means so. The idea of restoring the 
waves that have disappeared, that have been blotted out, is extremely 
interesting and ingenious. Those.who are familiar with submarine 
telegraphy will understand at once what the problem of turning the 
Slip A on page 1068 into Slip B means. If you refer to A, you will see 
certain waves followed by horizontal straight lines. Of course an 
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expert cable signaller knows by experience that the straight line is 
not meant for a straight line; it is meant for a series of little ripples, 
and by experience he learns to interpret it. He learns to do exactly 
what an ordinary clever clerk does, who has had given to him some very 
bad handwriting. A person scrawls a line, and the clerk knows from 
his experience of the scrawl of that particular individual that that 
scrawl means “ having” or “ becoming" or “ possessing," or something 
of that kind; he does that by using his brain. And what Mr. Brown 
had to do was to invent a machine which had that sort of discrimina- 
ting brain, so that when it saw a scrawl it should know what it meant. 
Although it is a very difficult problem, it is a little easier than it would 
be to invent a machine to decipher handwriting, because there is one 
condition in connection with the telegraphic scrawl that does not exist 
in connection with the handwriting scrawl, and that is the time taken 
to make the scrawl. If the horizontal line in the telegraphic signal, 
the siphon-recorder slip, has a certain curve, then the intelligent person 
knows that that means a certain definite number of ripples; if it is 
longer, he knows it means more ripples ; in fact, he knows that since 
the apparatus goes at a uniform speed the length of the line is really а 
measure of the number of ripples. That Mr. Brown was sufficiently 
acute to see. So he said to himself, if I only make an apparatus 
which introduces ripples at a given rate, I shall put in the right 
number of ripples that have been blurred out by sending the message 
through the long submarine cable; the cable possessing capacity and 
resistance. It is a very interesting idea. Of course it necessitates, as 
he himself pointed out, in the accomplishment of the method that the 
two instruments shall run at nearly uniform speed. That is a necessity, 
but it is not a very difficult condition to comply with. Mr. Brown did 
not, I fear, make quite clear why the interpolator has to go at a fairly 
constant speed, synchronously with the machine at the other end; it 
is because it has to throw in ripples at a given rate for the reasons! 
have given you. 

Going to the beginning of the paper, the first relay which he 
described, the drum-cable relay, is again a very ingenious contrivance— 
getting over friction by causing one of the bodies to be in continuous 
motion relatively to the other. Of course, as he himself says, that is 
not a new idea—what is really new is utilising it. We have known for 
a very long time that if one body has to move over another and you 
want to get rid of the friction, if you joggle or rotate one of the bodies, 
that will enable the other to move much more easily over the second. 
I have myself found in certain cases where I had to deal with delicate 
mechanism, and where I wanted to get rid of friction—and I have no 
doubt other people have done the same thing—that if you keep the 
whole of the apparatus in very slight vibration it is quite sufficient to 
accomplish the object. For instance, if you take a loud-ticking watch, 
such as I happen to possess, and put it on the table, and leave it there 
permanently, then the apparatus will work more or less frictionless 
because of the slight trembling that is perpetually kept up in the table. 
You cannot see it, but the slight trembling produced by putting a 
loud-ticking watch on the table is sometimes sufficient to overcome the 
friction and to enable the mechanism to work. 
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I will now take the last part of his paper, which has a special 
interest for me because he has obtained a solution of a problem which 
Professor Perry and I, at any rate, tried some ten or twelve years ago 
to solve in a different way—I do not suppose it was as good a way— 
which we patented at the time. The object was to do what Mr. Brown 
has accomplished in doing. Supposing you receive these telegraphic 
messages, that is, you receive slight variations in current, and you want 
to magnify them, how can you do it? You have all sorts of variations, 
alterations made in the direction of current, altcrations in the magnitude 
succeeding one another with considerable rapidity, and you want to 
get an enlarged image of it, how can you do it? The way in which 
we tried to do it was simply this. You take a little dynamo running at 
a uniform speed ; you use the field-magnet coil as the receiving coil of 
your telegraph line—that is to say, you magnetise your field simply by 
the current received along the telegraph line, the submarine cable. 
The armature is then rotated by any convenient arrangement, an 
electric motor or aclock, or whatever it may be, at a uniform speed. 
Then, as you see, the E.M.F. of the armature and the current therefore 
produced through a fixed resistance will be an exact copy of the wave 
which has come along the telegraph line, and which is used to magnetise 
the field magnet. Of course it may be a very much enlarged wave, 
because you аге giving energy to the arrangement by the work done in 
driving your dynamo. The difficulty, however, of that contrivance was 
this. We, perhaps unwisely, aimed at getting an extremely perfect 
magnified image of the receiving current ; we wished that it should be 
an absolutely perfect image, that there should be no errors, no im- 
perfections, no irregularities introduced into the waves, the ripples, by 
the introduction of our apparatus—that we should simply get a 
magnified image. That necessitated having no iron at all in the 
dynamo, either in the field or in the armature. Then we were led 
to the unhappy conclusion that if you have such an apparatus, before 
you can introduce energy by such a contrivance as I have mentioned 
it is necessary to run your dynamo at a speed greater than the speed 
of self-excitation, which of course is enormously great if all iron be 
absent. Indeed, we feared that that would mean such a high speed as 
to make the thing impracticable; but talking over the matter some two 
years ago with Mr. Brown, when I had the pleasure of first seeing this 
apparatus in the offices of Messrs. Clark, Forde, and Taylor, he told 
me that he thought iron could be introduced without blurring the 
signals too much, and then, of course, the speed of self-excitation would 
be a speed possible to obtain in practice. After what Mr. Brown told 
me two years ago it seems that it really would have becn possible, and 
is possible, for anybody now—the patent has expired, so anybody is 
at liberty to use the contrivance—to obtain a magnified image of a 
current in all sorts of ways by that contrivance. I should like to hear 
Mr. Brown's opinion on the subject, because I am not sure whether it 
is possible with the arrangement I have described to obtain as good a 
record as he has got. Of course he is met with the difficulty which he 
points out at the bottom of page 1071, where he says, “If the circuit of 
the coil b, that hangs in the alternating-current field, possesses only 
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resistance, the induced current will produce no disturbance on the 
period of the coils or on the sensitiveness of the suspension.” But that 
is an impossible supposition, for if the circuit possessed only resistance 
there could be no induced current at all. If the circuit of the coil b, 
that hangs in the alternating field, possesses only resistance, you may 
put it if you like that the induced current will produce no disturbance, 
but you ought to go on and say there will-be no induced current at all. 
There is only an induced current when the coil 6 has self-induction. 
Imagine, for example, that the coil 6 were wound non-inductively 
so that it only had resistance. Then there could be no mutual induction 
between the electro-magnet 6 and the coil; therefore there could be 
no current induced in that coil. It is necessary, therefore, that the 
coil should have self-induction. Then comes the question, that being 
the case, can you with your self-induction and capacity, which he refers 
to afterwards—can you so balance the self-induction of the coil as to 
get a perfectly true representation of the current through the coil a. 
I am not quite clear that you can, because, of course, the current in 
the coil a is varying in all sorts of ways, at different rates, and we know 
that capacity only balances self-induction for a given frequency. Of 
course I do not mean to suggest for a moment that this is impracticable; 
far from it. It is an extremely ingenious idea, and it certainly gets 
over one of the difficulties we had, viz., that iron can be used, and 
therefore a suitable magnification obtained without the difficulty ! 
mentioned, the great speed of rotation. But I should like to know 
from Mr. Brown whether it is a fact that this arrangement, with all 
sorts of speeds of signalling, all sorts of imposed waves, ripples, does or 
does not give a better magnified image than the high-speed dynamo 
with the small amount of iron in it. 

I can only conclude by saying what I said at the beginning, that I 
think the warmest congratulations of the Institution are due to Mr. 
Brown for the really wonderful result that he has succeeded in achieving, 
a result that is already, and doubtless will continue to be, of the very 
highest importance to our submarine cable companies, which, at the 
present time, want all the assistance they can get in view of the 
advance of wireless telegraphy. 

Mr. J. GavEv : I have not many remarks to make on this subject. 
A few of those I had in mind have been anticipated by Professor 
Ayrton. Certainly the whole of the design of this apparatus is 
marvellously perfect. What strikes the observer most forcibly, far 
more forcibly than any mere verbal description, is to observe a slip 
which, owing to the capacity of an artificial cable, shows straight 
lines instead of ripples, whereas the corresponding slip as it is 
converted by this apparatus reproduces with exact accuracy the 
original signals. I hope, sir, Mr. Brown will continue his illustration 
after the close of the meeting, so that members of the Institution who 
have not had an opportunity of seeing the instruments working, 
except at a distance, will go away with a much more vivid impression 
of the beauty of the discovery than from merely reading the paper or 
from even listening to the author's very lucid description. One point 
has struck me in connection with the subject, namely, that it is very 
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curious in some cases how, when one inventor starts on a particular 
line of investigation, it is found that others are working, perhaps not 
with the same object in view, but also in the same direction. Our 
ideas of telegraphy in the past have always consisted of this one 
fundamental principle, that you send a separate impulse or a separate 
signal for every separate movement that you want to effect at the 
distant end. Now, owing to the capacity of long submarine cables, a 
lot of separate impulses in the same direction are converted into one 
uniform impulse at the distant end. Mr. Brown set himself to work to 
split up the received impulses into the original number of separate 
ones. Now in two other directions somewhat similar results have 
been achieved. In wireless telegraphy, to which reference has been 
made, you have the make and break of an induction coil, which sends 
impulses some 20 or 30 times per second ; in other words, you have 
impulses lasting perhaps one-twentieth or one-thirtieth of a second, but 
owing to the capacity and induction of the conductor used in Hertzian 
signalling, your vibrations or oscillations of 10 or 20 per second are 
converted into oscillations of, it may be, 100 or 200 millions per second, 
and the result is you get an emission of Hertzian waves. In another 
direction in practical telegraphy there is an inventor, Mr. Donald 
Murray, who has designed what I think is also a very beautiful 
apparatus for high-speed telegraphy of the typing character. He has 
brought over here an instrument (which I hdpe in the next session to 
have the pleasure of describing to the Institution) which will transmit 
messages at the rate of 120 words a minute in Roman type. He sends 
a current of a definite duration, and his instrument at the far end splits 
up that current into the number of separate impulses necessary to 
actuate the typing machine. 

The PRESIDENT: We are very anxious to hear expressions of 
opinion from gentlemen who are associated with the operation of 
cables, and I would like to ask Mr. Judd if he will join in the dis- 
cussion. 

Mr. W. Jupp: I did not come here at all prepared to discuss the 
matter, beyond saying that we have been largely interested and have 
begun to adopt this very remarkable instrument of Mr. Brown's. It is 
working on some of our cables, and we hope it will work on others by 
and by. Itis very obvious to any one looking at the apparatus on the 
table that it is not altogether a thing you could put down and leave to 
work by itself ; it is an instrument which has its difficulties, climatic and 
others. With so much delicate apparatus, in tropical climates it is very 
obvious there is a certain amount of difficulty in keeping everything in 
absolutely thorough working order. But it is undoubtedly a great 
advance upon all our previous experience. 

Мг. Н. W. SuLLIvAN: I have had no personal experience of Mr. 
Brown's most ingenious instrument, and I think remarks would be 
more interesting from those who have. I should like, however, to 
say, with regard to a remark made by the author, that I think he 
rather exaggerates the trouble of what he calls “ butt" contacts for relays. 
I was making some experiments myself some months ago on a long cable, 
and I used contacts which I think he would call * butt" contacts, and 
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м did not have the trouble which he seems to have experienced, in fact, 
aa it did not exist at all. I would simply like to ask Mr. Brown the longest 
length of cable on which he is able to work his relay without the inter- 

polator. 
den. Mr. H. D. WiLKINSON : I think the speakers up to the present time 


have somewhat missed the real achievement which the author has 
effected. They have spoken of the possibility of reproducing ripples 
where they had ceased to exist. Where those ripples became lost in 
the signals at the receiving end of a long cable, Mr. Brown had put 
them in again. But I might just say that that is not, in my opinion, the 
greatest achievement the author has effected. Asa matter of fact signals 
without ripples are just as easy to read as those with them, in fact, I 
may let you into a secret ; we like them better, we read them better. 
Mr. Brown's real achievement consists in having reduced the friction 
in the contacts of the relay, so that it is perfectly free to respond to 
such minute forces as arrive at the distant end of a long cable, and to 
carry the local currents across the contacts without sticking. You have 
in the signals received at the distant end of a submarine cable the most 
minute forces, only sufficient to turn a light mirror weighing a few 
grains, or a light coil ; and what to do with such a current having such 
an infinitesimally small force, in order to make it the means of sending 
on a stronger current to the next ¢able, has been the problem before 
cable engineers for years up to the present time. The difficulties have 
been enormous, and no one up to the present has solved the difficulty, 
although many ingenious contrivances have been made. І could men- 
tion the names of some, but as I do not just now recollect the names of 
all who have worked in this field, and it might be misunderstood if I 
inadvertently overlooked some names, I will not mention any. At all 
events, I will say that in the opinion of all cable engineers and 
electricians, the system which Mr. Brown has devised for utilising 
these minute forces, through the medium of a rotating drum in which 
he practically annihilates friction, which has been the bugbear in all 
previous attempts to overcome the difficulty, thus reproducing the 
signals by means of a relay, constitutes a marvellous invention. There 
is another point I should like to allude to. When Mr. Brown arrived 
at that stage he was confronted with another difficulty as great as, if not 
greater than that, namely, the wandering zero. As he has described to 
us in the paper, when you use a condenser at the transmitting and 
receiving ends of a cable, which you are bound to do in order to get the 
speed out of the cable, you introduce a wandering away from zero 
It is not the absence of ripples that is the trouble, it is the wandering 
away from zero. You must all be aware that if a relay is to act with 
accuracy and certainty it must come back to zero before every signal, 
otherwise you would have no possible means of reproducing the 
signals. Mr. Brown got over this first of all by shunting the condensers 
on the receiving and transmitting ends of the line, but that was not 
found to be satisfactory and was objected to, he said, by the Company, 
and quite reasonably so, because it would introduce the disturbing 
effect of earth currents into the signals. He then set himself to work 
to devise other means, and he hit upon the solution of using the local 
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circuit, that is, the current which was produced externally by his relay, 
to send back into the receiving instrument or relay a reverse wave at 
the proper moment to counteract that wandering zero. I have 
previously seen the apparatus and seen the results of its working, but 
I have never until this evening had the pleasure of seeing it in operation. 
I have heard many accounts of it and understand the principle upon 
which it is worked, but when І saw how the principle of rotation acted 
in overcoming friction on the relay tongue for the first time, I was 
astonished at the result, and delighted to see that the ingenious applica- 
tion of this principle had opened up the possibility of relaying on 
cables. I think I speak the feelings of every one here, especially of the 
cable electricians, when I say that they are deeply indebted to Mr. 
Brown not only for having perfected his apparatus as he has, and over- 
come great difficulties in so doing, but for bringing the matter before 
us in such a clear, concise and scientific manner as he has done. 

Professor AYRTON : I would like to ask Mr. Wilkinson one question. 
He said the Company rather liked the blurs and the absence of ripples. 
'The question is not so much—if I may say so with every respect—what 
he would like, but what the instrument likes which has to produce the 
perforated slip to be used for sending the message along a land line. 
Supposing you did not put in the ripples, how could you automatically 
produce the slip which Mr. Brown showed us was produced at the 
other end, and how could you solve the problem which he has solved, 
namely, to receive a submarine cable message and transmit it along a 
land line in the ordinary Morse way ? 


Mr. WILKINSON : I have much pleasure in answering that question. M 


In the first place the land line is a very small matter in cable work and 
is usually connected to and treated as part of the cable. The great 
problem has been to transmit the message from one cable to another 
cable. The land lines were merely five or ten miles, where the cables 
are thousands. I do not look upon it in that light at all. I say this, that 
if Mr. Brown had given us the same instrument without the ripples, he 
could have transmitted messages from ocean to ocean precisely at the 
same speeds as he does now and without introducing the ripples. 

Mr. W. M. Мокреу : Аз had ten years’ experience in telegraphy 
before I was connected with electrical engineering, this paper 
interests me very much. I think it is an admirable example of the 
application of clectrical engineering to telegraphy. I might tell you a 
little story about Mr. Brown. He was,asI suppose many of you know, 
engaged in electrical engineering at Messrs. Crompton's works. Three 
or four ycars ago he came to me and said he thought telegraphy offered 
a much better scope than electrical engineering. He therefore resigned 
his position at Crompton's, went in for the study of telegraphy, and we 
see to-night the result. Iknew something of Mr. Brown before he took 
up telegraphy, and I was pretty sure he would achieve something 
useful, but I did not think he would advance so rapidly as he has done. 
Not long after that he asked me to come and see this apparatus working 
in the laboratory of Messrs. Clark, Ford and Taylor. I need hardly 
say I was delighted with it. I think it is one of the most beautiful 
inventions in telegraphy we have had for many years. People have 
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been working for the past 30 years on cable relaying ; I do not think 
any one has practically succeeded before. It is clear the author has 
been greatly assisted by the experience gained in heavy engineering. 
I mention this because it shows we ought not to separate the two 
branches. It illustrates the importance, to those engaged in telegraphic 
work, of making as close a study as possible of the actions that take 
place in transformers, dynamos, and heavier apparatus. One cannot 
see much of the lighter kinds of apparatus without feeling that they 
could be improved by people who brought to bear on their design 
experience gained in the knowledge of things where larger amounts of 
power are dealt with. Two things in this paper strike one as very 
beautiful inventions. Тһе drum relay is onc. I suppose we all knew 
more or less in principle that by keeping one body in movement 
another that was in contact with it would have less friction, but it is a 
long way from that to making this application. No one can fail to be 
impressed, who knows the feeble effect obtained from a siphon recorder, 
and then sees this application by which a freely moving contact is 
obtained capable of transmitting a considerable current without any 
difficulty. It is very interesting to see the free movement of the 
contact point when the drum is running, and to see the movement 
cease when the drum stops. I think it probable that Mr. Brown got 
his idea for this device from observing—as we must all have donc— 
that when а dynamo is running, a little pressure on the end of the 
shaft will suffice to move it backwards and forwards although it may 
weigh hundreds of pounds. When stationary we cannot move it at all. 
The second thing is the magnifying relay. It is a great feat to makea 
syphon-recorder galvanometer—a thing with a tenthof a fly-power— 
move a coil in an alternate-current field in such a way that the coil 
acts as the secondary of a transformer and enables a dynamo to deliver 
sufficient energy into the circuit. I think it is one of the most beautifully 
simple things that has ever been introduced in electro-magnetics. We 
have not to congratulate Mr. Brown merely on an invention or an 
idea; we have to congratulate him on having had the energy and 
perseverance to work this thing out to a practical success; and on 
having done it in such a short time. I hope we shall soon have other 
examples of his work before the Institution. 

Mr. R. C. CLINKER (communicated): Mr. Brown, at the end of his 
interesting paper, makes a suggestion as to the use of an instrument 
similar to his magnifying relay for measuring self-induction and capacity. 

A month or two ago, I attempted to measure the self-induction of 
the suspended coil of a deflecting wattmeter employing this principle. 
The wattmeter experimented on was one of the Weston type. As 
mutual induction exists between fixed and moving coils when the 
pointer is at zero, it follows that a current passed through the fixed 
coil will induce an е.т.Ё. in the moving coil. If the latter be short- 
circuited (the series non-inductive resistance being cut out) a current 
will flow in the circuit. Were there no self-induction in the coil, the 
mean torque in one direction produced by this induced current would 
be zero, as the two currents would be in exact quadrature. Self- 
induction, however, causes a lag in the induced current, and produces a 


1902.} FOR LONG SUBMARINE CABLES: DISCUSSION. 1068 


torque in such a direction as to move the pointer up the scale. In the 
tests made, the following was the method of procedure. The resistance 
of the moving coil having been measured, a known current at known 
frequency, and having as nearly as possible a sine law of variation, was 
passed through the fixed coil and the deflection noted. The resistance 
of the moving coil circuit was then increased by a known amount, and 
the current in the fixed coil increased so as to give the same deflection 
as before, i.e., the same torque. 

From the known values of resistances and currents, the inductance of 
the moving coil could be deduced. 

The results did not agrce at all well with those obtained by other 
means, the value of L coming out much too high. No satisfactory 
reason for the discrepancy was found at the time, but I hope at some 
future time to repeat the tests more carefully. 

A neater method of obtaining the same result would be to close the 
moving coil circuit with a condenser, and adjust the capacity or 
frequency until no deflection was obtained, when we should have 


L= jue where $227 X cycles per sec., and K = capacity іп farads. 


This, however, would require a condenser with a capacity of the order 
of 1,000 microfarads or so. 

Mr. S. G. BROWN (in reply) : I must thank Professor Ayrton for the 
kind remarks that he made about the instrument. He pointed out the 
difficulty of interpolating the signals, as he said the automatic trans- 
mitter and the interpolator must run in approximate synchronism. 
As the speed of signalling gets higher and higher as we approach, and 
even pass, the speed of the siphon recorder, the possible difference 
between the two instruments gets less, so that you can imagine, by 
forcing the instruments to an extreme point, there will be no difference 
of speed left. 

It was mentioned also in connection with the rotary drum that 
vibration would effect the same work as the sliding contact. This 
vibration question of relays has been worked out very fully by Delany, 
who has done a great deal in cable telegraphy in striving to make a 
practical cablerelay. But the impossibility of working with vibration 
of any kind is that the contact, when it strikes the table or the plate as 
the point goes down, is so exceedingly short that practically no 
current passes. In all these cases we must remember that there is 
always a film of oxide forming on the metals, so that when they 
are actually hammered together they need not make a metallic 
contact. 

In connection with the magnifying relay, I have practically worked 
out and tried in one form or another two distinct types. The one with 
the alternating current, that pumps energy into a suspended coil, 
seems, so far as I have thought about it, to be very inuch the best. I 
have most carefully calculated the effect of a dynamo, and it comes out 
to this. I find in designing such an instrument that the loss in the iron 
might be very considerable when worked with feeble forces. When iron 
is used with currents such as we get at the ends of cables, the mole- 
cules act very slowly ; the curve of magnetism being shown in Fig. A. 

Vor. 81. 72 


Mr. Clinker 


Mr. Brown. 


Mr. Brown. 
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We must be working down at the extreme end of curve X ; the per- 
meability of the iron, is, as I have mentioned, about 150. In dealing 
with a relay of the dynamo form, we have to take into consideration 
the power required to magnetise the mass of iron of the field magnets. 
To reduce this, I arranged the pole-pieces in the form of a magnetic 
balance (Fig. B). 

The dynamo magnifier in this case had two pole-pieces, both 
excited and opposing each other ; the cable currents were arranged to 
weaken one pair of pole-pieces and to strengthen the other, altering the 
distribution of the lines only. The speed was almost 2,000 revolutions 
a minute. In calculating the instrument, it turned out that the great 
controlling point was the air-gap. As the air-gap between the iron 
poles and the armature controlled everything, it. was naturally impos- 


FiG. A. Fic. B. 


sible to make the instrument, as Professor Ayrton said he had 
originally tried to make it, of air only, omitting the iron. 

In the magnifying relay, Professor Ayrton has pointed out, you 
cannot have the suspended coil possessing only resistance; there 
must be a certain amount of self-induction.  Self-induction is the 
cutting of magnetic lines generated by the coil from the induced 
currents. As the reluctance of the magnetic circuit of the coil 
would be very great, self-induction would be very small, but it can 
be entirely neutralised by a shunt of capacity—a fraction of a micro- 
farad being found in practice quite sufficient. It is marvellous to 
watch the increase in the vibration of the suspended coil by putting 
induction in the circuit, and the slackening of the coil as capacity is 
plugged in. 

With reference to Mr. Gavey's remarks, I have had the pleasure of 
mecting Mr. Donald Murray on two or three occasions, and I also had 
the pleasure of seeing Mr. Murray's extraordinary apparatus working 
at the Post Office. Ido not think it is quite so complicated as the 
apparatus I have on view, but I think very nearly so. 

Points have been raised about the interpolators. Some have thought 
that this was the main object of the invention, but the difficulty primarily 
was to get a relay to receive with these feeble currents from the cable, and 
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then after that to be able to send on by a suitable instrument. We send 
on the signals by the rotation of a small clutch, and the clutch revolves 
twice or three times just as easily as it does once, so it might have 
been difficult to design an instrument of this class that did not 
interpolate. 

Mr. Judd in his remarks mentioned the effect of tropical climates 
on the instrument. The difficulty has been the oxidation of the 
mctal. 

Mr. Sullivan mentioned the * butt" contact. Of course, as every 
one knóws, there is a great deal of difficulty with butt contacts in 
relays for long cables, except at the lowest speeds, because you require, 
from the nature of things, a certain pressure to break down the 
insulating film on the metal, but you can get this pressure as I have got 
it, bv sufficiently shortening the tongue, bringing the pointer near the 
point of suspension. 

With regard to the length of cable that drum relays have been 
worked over, I have worked them over cables as long as the new 
Pacific which they are laying at the present time, and the speeds of 
working are about the same as the ordinary siphon recorder specds. 
(Mr. SULLIVAN : Do you always use the interpolator for long cables :| 
We сап usce the interpolator, or asin Fig. 5 on page тобо, I have shown 
that the interpolator can be dispensed with. Slip A shows the signals 
without the interpolator, and slip C shows the same conditions witha 
hand key as transmitter; the interpolator is not necessary by any 
means. You can work the translation by a hand key as well as by an 
automatic transmitter, and you can send these signals on by means of 
a couple of sounders in place of the interpolator. The signals are 
squared up at the far station by means of a magnetic shunt. 

I thank Mr. Mordey for his remarks. I have had a little acquain- 
tance with heavy engineering. Some of my ideas, especially with 
regard to the magnifying relay, must have been picked up in connec- 
tion with alternating-current machinery. I think every one of us must 
have noticed dynamos with the armatures rocking backwards and 
forwards under the brushes, so as to prevent grooving of the commu- 
tator, and it struck me that I might use that for the purposes of 
the relay. 

The PRESIDENT : Gentlemen, after the very hearty manner in which 
Mr. Brown has been complimented by every speaker who has joined in 
the discussion, I feel that it is almost superfluous for me to ask you to 
pass a very hearty vote of thanks to him for his paper. The admirable 
instrument that he has placed before us is undoubtedly the outcome of 
much thought and consideration, combined with a careful study of the 
principles of electrical engineering. The paper has been an extremely 
interesting one—perhaps more so than usual in consequence of its 
being the only paper wc have had this session on a telegraphic subject. 
I am sure you will join with me in hearty thanks and congratulations 
to Mr. Brown for his admirable paper. 

(The vote was carried by acclamation.] 

The PREsIDENT announced that the scrutineers reported the follow- 
ing candidates to have been duly elected :— 


Mr. Brown. 


The 
President 
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Members: 
Sydney Holmwood Holden. | Cuthbert Jeffryes Sutherland. 


Associate Members: 


James Meredith Austin. Frederick Arthur Bond. 
Alan Randall Bell. Thomas Charles Hement. 
Associates : 

Charles Barnard Burdon. William Mead. ` 
Herbert Dean. Wilhelm Theodor Meier. 

Charles Hustwick Ellison. George Alfred Neild. 
Victor Graff. Harold Bernard Sale. 
William Henderson. Edward Arthur Shaw. 
Erne:t Long. X. Charles William Webster. 
Hubert Samuel Marsden. Thomas Wray. 
Students : 
John Aspin. Alfred Richard Harris. 
Roland Lennox Davies. Horace Morley Lawson. 


James Henry Forster. i Herbert Samuel Street. 
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The Three-Hundred and Seventy-Ninth Ordinary General 
Meeting of the Institution was held at the Society of 
Arts, John Street, Adelphi, on Thursday evening, 
May 8th, 1902—Mr. WILLIAM E. LANGDON, President, 
in the Chair. 


The Minutes of the Ordinary General Meeting held on May 1, 1902, 
were read and confirmed. 


The names of new candidates for election into the Institution were 
announced, and it was ordered that the list should be suspended in 
the Library. 


The following transfers were announced as having been approved 
by the Council :— 


From the class of Associates to that of Associate Members— 


Robert Martill Wilson. 


From the class of Students to that of Associates— 


Harry Melville Dowsett. | R. Mondel Moberly. 
George N. M. Tyrrell. 


Messrs. A. Schneider and E. B. Vignoles were appointed scrutincers 
of the ballot for the election of new members. 


Donations to the Building Fund were announced as having been 
received since the last meeting from Messrs. J. Grant and C. E. Wilson, 
to whom the thanks of the meeting were duly accorded. 


The PRESIDENT: I have to announce that the report of the pro- 
ceedings of the Committee appointed to inquire into Electrical 
Legislation will be obtainable by members on application to the 
Secretary, if applications are made prior to June 30th. It is necessary 
that applications should be received by the Secretary prior to that date 
in order that he may determine the number of copies that shall be 
printed. 


APPEAL FOR BUILDING FUND. 


I have also to inform you, gentlemen, that the Building Fund has now 
reached the amount of £10,000. In making this announcement I am 
desirous, in the first place, to congratulate our Treasurer, Prof. Ayrton, 
on the amount having reached this sum—a sum he has been very 
anxious it should attain for some time past, and which I am sure will 
afford him as much pleasure as it will the other members of the 
Institution. I am also anxious to take this opportunity to seek your 
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liberal support of this fund. We have now got together a nucleus of 
£10,000. £10,000, of course, is not a large sum towards the object 
which we have in view, that object being the provision of an 
Institution Building —a building which would be a truly repre- 
sentative building of the Institution of Electrical Engineers. The 
future before Electrical Engineers is undoubtedly a large one, and 
we may look forward to the Institution becoming not only a numerous 
and popular, but also a very influential institution ; and it is very desir- 
able, I think, in the interests of the Institution as representative of the 
profession that we should all aim to gather together the means of pro- 
viding a suitable representative building for the members generally. 
Such a building will be of immense advantage to the Institution. At the 
present time we are labouring under difficulties in our administration 
in consequence of the rapid growth of the Institution, the rapid 
expansion in the number of members, and the amount of work con- 
sequently devolving upon the administrative portion of the Institution. 
It is hardly to be hoped that we shall gather together the means of 
obtaining a building which will be entirely suitable to our wants for 
some time to come; but if we do not progress faster than we have 
done in the past, having regard to the fact that we have been in 
existence some thirty years, and that during that period the amount 
which has been accumulated has been only £10,000, it will be many 
years before we shall get our building. I am therefore very anxious, 
gentlemen, to appeal to all members of the Institution that they should ; 
put their shoulders to the wheel and try to help this fund. We are 
now something over 4,000 strong (nearer 4,500). If every member of 
the Institution were to contribute annually, say 10s. a ycar, we should 
add some £2,000 or £53,000 a year to this fund. But I think we may 
go far beyond that, for I am quite sure there are many members who 
would be very glad indeed to contribute a larger sum than that. If we 
averaged a guinea a year from cach member, we should soon be able 
to amass a sum of money that would place us in possession of that 
which we want. I appeal to every gentleman here to mention the 
matter to his friends; to every member of the Institution, whether 
resident in London, the provinces, or abroad. The Institution when 
once it becomes established will be a place of reference to those 
who are abroad, in- the Colonies, or away from home. It is true that 
Londoners will have a greater advantage in that respect, but you must 
remember that a man who is resident in London at the present time 
may be resident in the Colonies next year, and so the advantage of 
such a building will in fact be reaped by the whole Institution. 

In tendering these remarks to you, I hope it will be understood 
that I do nat in any way forget the great services that have been 
rendered to the Institution by the Institution of Civil Engineers. 
We have received at their hands the greatest courtesy and the 
greatest kindness, and I am sure every member of the Institution will 
always be prepared to recognise those services. I trust, gentlemen, 
that all of you will do your utmost to contribute towards this fund, 
so that it may grow in the future much faster than has been the case in 
the past. 
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The discussion on the Draft Form of General Conditions submitted 
to the meeting on April 24th was resumed, Messrs. G. H. Nisbett, 
Stuart Russell, C. C. Hawkins, J. Kingsbury, J. N. Shoolbred, W. B. 
Esson, W. E. Gray, N. Gunz, and C. H. Yeaman taking part. 

Mr. R. Hammond, as Reporter to the Committee, then replied to 
points raised in the discussion. 


The PRESIDENT, having stated that the report of the discussion 
would receive careful consideration by the committee, announced 
that the scrutineers declared the following to have been duly 
elected :— 


Members : 
Thomas J. Fleming. | William S. Hulse. 


Associate Members: 


Horace David Boden How. James Pattison Kemp. 
Arthur John Fippard. Harold Charles King. 
Andrew Frederick Rock. 


Associates : 


William Snowlcy Entwistle. Alfred Mansfield. 

Charles Henry Haddrell. Charles Frederick Bertram 
Alfred Noel Hazlehurst. Marshall. 

Robert Maynard Leonard. Frank Lindsey Moysey. 


Students : 


James Gray. Mario A. Stoppoloni. 
Percy Hugo Harding. William Lawrence Turner. 
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The Three Hundred and Eightieth Ordinary General 
Meeting of the Institution was held at the Rooms 
of the Society of Arts, Adelphi, London, on Thursday 
evening, May 15th, 1902—Mr. W. E. LANGDON, Presi- 
dent, in the Chair. 


The minutes of the Ordinary General Meeting held on May 8th, 
I902, were read and confirmed. 


The following transfers were announced as having been approved 
by the Council :— 


From the class of Associates to that of Associate Members— 
George Frederick Lewis Alexander. 
From the class of Students tothat of Associates— 
James Cameron Smail. 


Messrs W. Henderson and A. H. Hunt were appointed scrutineers 
of the ballot for the election of new members. 


Donations to the Library were announced as having been received 
since the last meeting from the Incorporated Association of Municipal 
and County Engineers and the Royal Meteorological Society ; to the 
Building Fund from Mr. W. del Mar and Mr. J. E. Stewart ; and to the 
Benevolent Fund from Mr. S. H. Holden, to whom the thanks of the 
meeting were duly accorded. 


The PRESIDENT: I have now, gentlemen, to announce that the 
Council has unanimously elected Signor Antonio Pacinotti as an 
Honorary Member of the Institution, and I have the pleasure also of 
rcading a letter received from Signor Pacinotti by the Secretary. 


(Translation from the Italian.) 
“Pisa, May, 9, 1902. 

“То the Secretary of the Institution of Electrical Engineers. 

“It is truly a very high honour that the Council of the Institution of 
Electrical Engineers paid me in deciding to ask me to accept election 
as one of its Honorary Members. 

“I have never forgotten the kind interest shown by the Electrical 
Engineers of London in my models of dynamo-electric machines at the 
Paris Exhibition of 1881, and particularly at the meeting on the evening 
of the 24th of September. To me it would be a great honour, which I 
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should gratefully accept, to form part of your illustrious Society as an 
ordinary member. 

“ But if on the grounds of age, rather than through any merit, the 
Council should insist on my being an Honorary Member, I canonly say 
that no honour bestowed on me could make me feel superior to any of 
the illustrious Members of the Institution of Electrical Engineers. 

“I have the honour to be, 
“Yours truly, 
* (Signed) ANTONIO PACINOTTI.” 


ELECTRICAL TRACTION ON STEAM RAILWAYS 
| IN ITALY. 


By Professor C. A. CARUS-WILSON, M.A., Member. 


ITALIAN RAILWAYS. 


The Adriatica and the Mediterranean Railway Companies 
together work eighty per cent. of the railways in Italy, the 
former serving the whole of eastern Italy from Venice to 
Brindisi, and the latter the whole of western Italy from 
Turin to the extreme south. The two systems have their 
chief connecting points at Milan, Florence, Rome and 
Naples. The nymber of miles of line worked by each 
Company is about the same, nearly 3,690 miles by the 
Mediterranean and 3,620 by the Adriatica. Each of these 
Companies, therefore, works about as many miles of line as 
the Great Western and the Great Northern Companies put 
together. 

The railways are now being worked under an arrange- 
ment with the Italian Government, by which the Govern- 
ment gives the Companies an annual subsidy in return for 
a certain proportion of the receipts. For the year 1900 the 
Adriatica Company received from the Government a subsidy 
of £2,166,000, while it paid to the Government a sum equal 
to 40 per cent. of the total receipts, amounting to 42,040,000, 
the balance to the credit of the Company being £126,000. 
This arrangement comes to an end in 1905, when the 
Government has the option either of buying out the 
Companies or of coming to a fresh arrangement with 
them. 

For a long time past the Italian railways have been 
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suffering from the competition of tramways and economic 
lines, which have provided a cheaper and more frequent 
service, seriously affecting the traffic on the main lines in 
spite of every effort made to minimise the injury thus 
caused. The map on page 1092 shows the network of steam 
tramways and economic lines that has spread over northern 
Italy ; these not only radiate from most of the large towns, 
such as Milan, Turin, Verona, etc., but also serve as links to 
connect one town with another, as for instance the line 
connecting Milan with Pavia, which is twenty miles long, 
and that connecting Brescia and Mantua, which is forty-three 
miles long. The railway companies have come to the con- 
clusion that the remedy for this competition lies in providing, 
by means of electricity, a service of short trains running 
frequently at high speeds. This paper will contain an 
account, written from an economic rather than from a 
technical standpoint, of what is being done towards carrying 
out this object, with some comparisons between the condi- 
tions of railway working in Italy and in England. 


THE ADRIATICA RAILWAY. 


The Adriatica Railway Company has already equipped 
electrically that portion of its system running from Lecco 
to Colico, and thence to Sondrio and to Chiavenna (see 
map on page 1093). The intention is to extend the system 
ultimately to Milan. Meanwhile the electrically driven 
trains are to work their own way as far south as Lecco, 
and to be hauled thence to Milan by steam locomotives. 
Trains are now running experimentally, but not yet in 
actual service. 

The total distance at present electrified amounts to 66 
miles, all of single track, a large proportion between Lecco 
and Colico being in tunnel. A profile of the line is given 
in Figure r. The hydraulic power-house with turbines of 
6,000 horse-power is at Morbegno, water being taken from 
the river Adda.  Three-phase current is generated at 22,000 
volts and carried by overhead conductors to nine trans- 
former stations, where it is transformed down to 3,000 
volts and taken to the two trolley wires, the rail forming 
the third conductor, and thence direct to polyphase motors 
on the cars. 
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Fic. 1.—Profile of Lecco-Colico Line. 
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The motor cars, of which a view is given in Fig. 2, are 
57 feet long, weigh 53 tons unloaded, and have seating 
accommodation for 56 passengers. Each car is provided 
with two high-speed motors of 150 H.P., and two low-speed 
motors of 75 H.P. each, weighing 3:8 tons and driving 
direct without gearing. Full speed is 37 miles an hour. 
The four motors are used in cascade connection at start- 
ing : at half-speed the two low-speed motors are switched 
out, and the car is driven by the two high-speed motors 
alone at full speed. On all grades over one per cent. the 
motors are connected in cascade and the speed thus halved. 
The trailers used are passenger carriages of the ordinary 
type. The goods traffic is to be hauled by electric loco- 
motives. 

The Company is introducing a new “economic” system 
for working the line, by which they hope to reduce the 
traffic expenses, eighty per cent. of which is accounted for 
by the wages and salaries of the personnel at the stations. 
This system has been in operation on other parts of the 
Company's lines and has been found to work well, as, for 
instance, on the section of line, 27 miles long, between 
Bologna and St. Felice, part of the projected line from 
Bologna to Verona. In this system the stations are divided 
into “control” stations and “section” stations. Оп the 
Lecco line there are 6 of the former and 11 of the latter. 
The responsibility for the control of the traffic rests with 
the personnel at the * control" stations, the agents at the 
“section” stations having no direct responsibility for the 
safe conduct of the trafic which depends entirely оп an 
automatic block system operated by an electrical apparatus 
which the agent has to attend to and keep in working order. 
Each “section” station is in telephonic communication with 
the nearest “ control ” station, to which all questions relating 
to rates, regulations, etc., can be referred. By this means a 
considerable reduction in the expense of the personnel at the 
stations is rendered possible. 

The block system employed is the Webb and Thomp- 
son Staff system, supplemented by an electric interlocking 
apparatus invented by Signor Olper, the Controller of 
Telegraphs in the Adriatica Railway Company, combined 
with an arrangement by which the trolley line at every 
station is divided into sections, each controlled by a switch 


Fic. 2.—Motor Car used on the Lecco-Colico Line. 
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the opening and closing of which takes place simultaneously 
with the movement of the corresponding signal, so that it 1s 
impossible for a train to run on to a section against signals. 
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THE MEDITERRANEAN RAILWAY. 


The Mediterranean Railway Company is equipping 
electrically the whole of 
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Gallarate and thence to /% | 
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amount to about two per ке ш 
cent. of the receipts for 
the whole Mediterranean 
system. 

The total length of 
line is 81 miles, made up 
of sections as given in 
Table V. Of the whole 
distance all is of single 
track except the length 
from Milan to Gallarate, 
which is of double track. 
The maximum gradesand 
minimum curves are 
given in the table. A 
profile of the line is given Fic. 4.—Plan and Profile of the 
in Figure 5, and a plan Milan-Varese Line. 
in Figure 4. 

The power-house is at Tornavento, about seven miles 
from Gallarate. Current is at present being supplied from a 
steam-generating plant, but a water-driven plant is in course 
of construction close to the steam power-house from which 
the whole line will ultimately be worked. Turbines of a 
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total of 11,000 H.P. will be driven by water taken from 
the river Ticino. 

The power is transmitted as three-phase current at 12,000 
volts to seven sub-stations along the line, where the pressure 
is reduced from 11,000 to 420 volts and the current is 
transformed in rotary converters to direct current at 650 
volts. From the sub-stations the current is taken to an 
insulated third rail, as shown in Figure 5. 

The motor-cars on the Varese line, shown in Figure 6, 
weigh 40 tons unloaded, and have accommodation for 63 
passengers seated and 12 standing. Each motor-car is 
driven by four 150 H.P. motors, on the usual one-hour 
rating, and is geared with a 3 to т ratio to 41-inch driving 
wheels. Full speed on a level is 56 miles an hour. Each 
motor weighs 2:5 tons. The trailers weigh 27 tons empty, 
and have accommodation for 63 passengers seated and 27 
standing. The goods traffic is to be hauled by electric 
locomotives. 

The électric trains are now running and in regular 
operation as far as Varese, though the service of trains as 
contemplated is not yet complete. 


TABLE I. 
COMPARING THE WEIGHT, POWER, AND DIMENSIONS OF THE POLY- 


PHASE МОТОЕ-САКЗ ON THE LECCO LINE WITH THE DIRECT- 
CURRENT MOTOR-CARS ON THE VARESE LINE. 


| | 
| id 
Total | Length NO. А Total Weight d 
robe or Seats. of ыш. ‚ Maximum of Four x one a 
mpty. | Frames. Motors. H.P. Motors. Level. | 
Tons. Feet. Tons. | M.P.H. 


a 
О 


Varese... | 40 52 | 63 4 10 56 


Lecco... | 53 57 


WORKING EXPENSES AND RECEIPTS. 


The working expenses of the Italian railways are given 
in Table II. These figures actually refer to the Adriatica 
Railway, but as the corresponding figures for the Mediter- 
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ranean Railway are almost the same, they may be taken as 
representing the cost of running on either of the great 
systems. To afford a comparison, the figures for the cost 
of running an English railway are placed in the same table. 
A distinction has been made between those expenses 
which do and those which do not vary with the number 
of trains run. Thus, to the locomotive expenses comprising 
wages of driver, water, oil, and repairs, have been added 
the cost of conductors' wages and carriage repairs. All 
these expenses vary with the number of trains run, and 
are therefore dealt with apart from those, such as the 
maintenance of the line, which do not so vary. 


TABLE II. 


RUNNING EXPENSES PER PASSENGER TRAIN-MILE. 


2 = [= artistes, sak 
1 Coa .. 1 бе e. 0772 pence 5°30 pence 
2 Wages of driver and stoker ... 381 , | 318 , | 
3 Wages of conductor ... 152. + 208 ,, | 
4 Water, oil, etc.... 245 ves | 077 » обо ,, 
5 Repairs, locomotives ... TE 2'39 » 352 , 
.6 Repairs, carriages ... зай | 283 , бог , | 
| Total ... us | i 394 » E 2069 ,, | 
| | 


Nolc.—English items 2, 4, 5 and 6 from Official Returns for the 
Great Northern Railway for 1900. 

Italian items 2, 5, 4, 5 and 6 from Official Returns of the Adriatica 
Company for 1899. 

Item 3 under English costs, obtained by taking the wages of driver, 
firemen, and conductor in the proportion of 42s., 22s., and 25s. 


The coal consumption on an English railway is taken 
at 40 pounds per train-mile, and the cost at 8s. per ton. 

The actual consumption of coal on the locomotive 
on the Italian railways is given in the Official Reports 
as 41 pounds per train-mile. The statistics draw no dis- 
tinction between the weight of an average goods train 

Vor. 81. 78 
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and that of an average passenger train, but the passenger 
train-mileage is stated to be 68 per cent. of the whole train- 
mileage. Taking the weight of coal per passenger train- 
mile to be 7o per cent. of that per goods train, the coal 
consumption per passenger train-mile would be 36 pounds, 
which brings the cost, at 27s. per ton—the price paid in 
1800--іо 5:3 pence per train-mile. 


TABLE III. 


GIVING THE RECEIPTS AND EXPENSES PER MILE. 


| | ENGLISH. ITALIAN. 
В Е | | 
Fixed Expenses. | | 
| | с 
Maintenance of the line Mee "E 535 132 
Traffic expenses s ids fs 1,350 236 
General expenses is $e dis 537 53 
| Total £2,422 £421 
| Running expenses ... — iis £1,750 £699 
| А St 
| Receipts. | | 
5 & 
Passenger traffic is Six € 2,040 | 640 
Goods and miscellaneous — ... ix % 3,820 | 5 
| Total ... e. " £6,460 £1,605 
| | (EE m = ә 
[ | 
X Expenses in per cent. of receipts ... | 65 70 


Nole.—The figures in this Table are obtained from the same sources 
as those in Table II. “Рег mile" means per mile of line regardless 
of the number of parallel tracks. 


In order to compare the running expenses with the fixed 
expenses, they have both been reduced to pounds per mile 
per annum, and placed in Table Ill. together with the 
receipts estimated in the same way. The running expenses 
of an Italian railway constitute a far larger proportion of 
the total expenses than is the case on an English railway, 
the percentages being 62 in the former case and 42 in the 
latter. The proportion of passenger to goods receipts is 
nearly the same, while the sum of all the expenses is 70 per 
cent. of the receipts in Italy and 65 per cent. in England. 
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The receipts given for the Italian railways refer to the 
Adriatica system as a whole, and are greater than the 
receipts of the lines that are now being electrified. Thus 
the passenger receipts for the section Lecco-Colico are 
only £380 per mile per annum, for the section Sondrio- 
Chiavenna £220, whereas for the section Milan-Varese- 
Arona-Laveno the passenger receipts are £600 per mile per 
annum. The most profitable section in the Mediterranean 
Company's system is the line from Milan to Genoa, which 
is six times as profitable as the average for the whole system ; 
the most profitable on the Adriatica system is the line from 
Milan to Como, the continuation of the St. Gothard railway, 
a line common to the two systems, and yielding to each 
railway. three-and-a-half times the average receipts per 
mile on the Mediterranean. 

The expenses of maintenance, trafhc, and central admi- 
nistration on an Italian railway amount to £421 per mile 
per annum, about one-sixth of what it is in England. Of 
the item for traffic expenses in Italy, £213 per mile is for 
stations expenses, out of which again {£170 per mile is for 
the personnel at the stations. The Adriatica Company ts 
seeking to reduce this item by the adoption of the “ econo- 
mic " system of working the line referred to above. 


FARES. 


The fares charged on the various railway lines in Italy 
are given in Table IV. Column A gives the through express 
fares on the main lines, and column B the fares for the 
so-called omnibus trains which stop at all stations. 
Column C gives the reduced rates charged for omnibus 
trains on certain sections of the main lines, those, namely, 
where the competition with the tramways and economic 
lines is most keenly felt. Thus on the lines Milan-Gallarate- 
Varese, where there is direct competition, reduced rates are 
charged. The rates in the economic lines are given in 
column E, while the tramway rates will be found in 
column F. The rates in column E cover both omnibus 
and express trains, whereas the “reduced” rates are exclu- 
sively for omnibus trains, so that the main lines do not offer 
such a good service for the same money as the economic 
lines even at the reduced rates. 
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TABLE IV. 


SHOWING THE PassENGER FAREs, IN PENCE PER MILE, CHARGED ON 
THE DIFFERENT ITALIAN LINES. 


Lines РР ae Main. Economic. Tram. 
Power us ы Steam. Electric. Steam. Steam. 
M E m M 
— ‚| | 1 | | | 
Service... SQ. Ехрв. Omnbs Exps. Оти. Exps. Omnbs. Omnbs. 
Schedule speed 25 16 4 25 2 16 9 
(miles an hour) | | | | | 
Fares charged ,. Exps Ога. Reded. Ordny. Ordnv. Ordny. 
A. B. С. D. E. Е; 
First Class we ZI ГО 15 о'д I' о9 
Second Class... га Г3 ro — I'O 07 
Third Class .. IO 08 05 0'5 о6 -- 


THE TRAIN SERVICE. 


The service of steam trains that formerly ran on the 
Milan-Varese line is given in Table V., with the time occu- 
pied in covering the different sections. This may be com- 
pared with the new service of electric trains, particulars of 
which are also given in the table. Thus on the line from 
Milan to Gallarate the schedule speed has been nearly 
doubled and the frequency increased 3'5-fold. Оп the 
line from Gallarate to Varese the speed has been increased 
75 per cent. and the frequency about 4-fold. The old 
trains, hauled by steam locomotives, have been replaced 
by trains of about half their weight, consisting of motor- 
cars and trailers, the normal train consisting. of one 
motor-car and one trailer, weighing together 67 tons 
unloaded, and capable of carrying 165 passengers, or about 
one-half the accommodation of the steam-driven trains. 
The carrying capacity of this portion of the line, in pas- 
senger miles, has thus been increased 75 per cent. Between 
Gallarate and Arona and between Varese and Porto Ceresio 
the speeds have not been increased on account of the 
grades, which are as much as 2 per cent., and the trains 
will run with the motors in permanent series connection, 
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TABLE V. 


GIVING THE STEAM AND ELECTRIC TRAIN SERVICE ON THE 
MILAN-VARESE RAILWAY. 


oie eee eee ae Ci ————— ——— — --- — 


Min. ; ELT | 
А · Мах. : | Trains each way | Time in 
Miles | Curve | е : 
| | Grade. , Chains. | per day. | Minutes. 
Per cent.! | Steam. Elect. Steam. Elect. ' 


Milan to Gallarate 250 | oO | 40 IO ' 35 : бо 34 


| 


Gallarate to Varese | r117 ro 25. 7 | 27 . 28 18 


Gallarate to Laveno| 194 08 | 30 . 6 8 1 ёт | 50 


Gallarate to Arona 1670 I'I 
| | 
· Varese to pid. 8-8 
Ceresio 44! 


28 28 


wm 

| 
ЖЕТІ 
RETIUM ый 
20 | 15 5 6! | 
| 


= КЕЗЕМ E ned ЖЕСІ wh fo ce. ms n — —M—— 


THE CosT oF WORKING THE ELECTRIC SERVICE. 


The cost of running the new electric service on the 
Milan-Varese line may be estimated approximately from the 
cost of working the old service, and is given in Table VI. 

Coal.—The coal consumed per ton-mile in the steam 
generating plant, pending the completion of the hydraulic 
power-house, will probably be not much less than that used 
on a steam locomotive if the speed and rolling-stock is the 
same in both cases. Thus, as the weight of the electric 
trains is about half that of the old steam train, the coal used 
per train-mile will be halved. Possibly this assumption 
does not do justice to the economy of the electric system, 
but there is not sufficient data available to warrant a more 
favourable estimate being made. 

The speed is, however, nearly doubled, so that if the 
same rolling-stock were used the tractive resistance, and 
hence the coal consumption, would be increased. But the 
type of rolling-stock is being improved, and short two-axle 
carriages are being replaced by long coaches running on 
bogies, so that the tractive resistance at the higher speed 
should not exceed that at the lower speed by more than 
25 per cent., bringing the coal consumption to 23 pounds 
and the cost to 34 pence per train-mile. 

(Note.—The Author learns from Signor Tremontani, the 
engineer of the Mediterranean Railway, that the coal con- 
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sumption for a service of trains consisting of one motor-car 
and two trailers is 28'5 pounds per train-mile. The weight 
of these trains is one-third greater than that estimated in 
the paper, as it was found necessary to add a second trailer 
on account of the increase in the trafic. This increase in 
the weight of the train would have brought the Author's 
figure for coal consumption up to 31 pounds per train- 
mile; his estimate, therefore, appears to be about то per 
cent. too high. At the present time only 20 trains per day 
are running each way between Milan and Gallarate, and 
I7 between Gallarate and Varese.) 

IWages.—The driver and fireman are replaced by one 
motor-man at about half their combined wages, and, as the 
electric train is always ready to start up, a further saving of 
about 20 per cent. should be effected in comparison with 
a train hauled by a steam locomotive which has to spend a 
considerable time in the shed. These savings should reduce 
the item for locomotive wages to 40 per cent. of its former 
value—that is, to 1:27 pence per train-mile. 

The item for conductors' wages will be reduced 20 per 
cent. owing to the saving of time mentioned above, and will 
be 1°67 pence per train-mile. 

The wages at the generation station will amount to 
about £4,000 per annum: for a line 80 miles long, and 
with 28 trains per day each way, the cost would come to 
0'58 pence per train-mile. 

The wages at seven rotary sub-stations should not, 
together, exceed the wages at the generating station, making 
the cost for this item 0:58 pence per train-mile. 

Water, Oil, etc.—'The cost of water, which is 25 per cent. 
of that for water and oil combined, will be saved, reducing 
this item to 0'45 pence. 

Repairs.—The cost of repairs will be reduced. On the 
City and South London Railway, during 19o1, the cost of 
locomotive and generating repairs per train-mile, including 
wages and materials, was 38 per cent. of the locomotive 
repairs on the Great Northern Railway. Taking 50 per 
cent. of the cost of steam locomotive repairs, the cost of 
repairs for electric motors and generating stations would 
amount to 1°76 pence per train-mile. 

As the electric trains are one-half the length of the steam 
trains, the carriage repairs per train-mile will be halved; 


1902.] ON STEAM RAILWAYS IN ITALY. 1105 


this item will thus be reduced to 3 pence per train-mile. 
The total cost of running would thus be reduced from 
21 pence to 12 pence per train-mile. 


TABLE VI. 


SHOWING THE COMPARATIVE CosT or RUNNING AN ELECTRIC AND А 
STEAM LINE IN ITALY AND IN ENGLAND IN PENCE PER TRAIN-MILE, 


ITALIAN. ENGLISH. 


-——— ŘÁ - — e - че: 9 


——- - = 


Steam. — Electricity. Steam. Electricity. 
. Trains each wey per day га 8 28 8 28 


au ЗА —À M meee 


· Coal -— Р 54% die 530 340 ` 172 1'07 


| Wages of driver and stoker ... — 518 127 — 3°81 1°52 | 

| Wages of conductor  ... we 2:08 r67 , 152) 122 | 

| Wages at generating station  ... — | 058 = 0:58 | 
Wages at rotary sub-stations ... — — 058 — 0'58 


| 
Water, oil, etc. ... Er .. 0'60 0°45 0°77 0°58 


| Repairs, motors, and Renee 
ting station - 


| Repairs, carriages 


| | 

| 
| 3'52 r76 . 239 | r20 | 
| бог 3°00 ' 2°83 r4 | 
| : MR 41 22-і 


Total 2060 | 1271 1304 ' 816 


те отме те 
| 
| 


Figure used in the paper ..! огоо тоо 1300 | 800 


ESTIMATE OF TRAFFIC. 


The passenger traffic required to pay the expenses of 
the new electric service can now be estimated. On the 
Milan-Gallarate-Varese line the service is being increased 
from 8 to 28 trains per day, while the cost of running is 
reduced from 21 to 12 pence per train-mile. The cost per 
mile of line is thus increased from 4510 to £1,110 per 
annum. To this must be added the interest on the capital 
expended in the electric installation. The total estimated 
cost is ten million francs, ог 45,000 per mile. At 33 per 

cent. this would add £ 175 per mile to the increased cost of 
running, making the total increase £775 per mile рерин 
See Table VII. 
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The passenger receipts for this line, including the exten- 
sions to Arona and to Laveno, are £600 per mile per annum. 
Hence the passenger trafic must be increased by 129 per 
cent. to pay the interest and the increased cost of running. 
With transformer sub-stations the running expenses are 
decreased 5 per cent., and the increase of traffic must then 
be 114 per cent. 

On the completion of the hydraulic power-station coal 
will no longer be used, and this item in the cost of running 
will be saved. The cost per train-mile will then be reduced 
to 9°31, or, say, to 9:5 pence, making the total increase in 
the expenses £475 per mile per annum, and the increase in 
the passenger traffic required to meet this increase 80 per 
cent, as compared with 129 per cent. for a steam plant. 
With transformer sub-stations the increase need only be 
72 per cent. The value of water-power may therefore be 
represented by a reduction of 20 per cent. in the passenger 
traffic required to pay expenses. 


TABLE VII. 


SHOWING THE EXPENSES IN POUNDS PER MILE PER ANNUM OF RUNNING 
A STEAM SERVICE OF EIGHT TRAINS AND AN ELECTRIC SERVICE OF 
28 TRAINS EACH Way PER Day 1х ITALY AND IN ENGLAND. 


ITALY. ENGLAND. 
| | | Steam. | Electricity. Ч шейн. Кешек 
Power used пи | 
| Coal Coal. Water. | Coal Coal. 
‚ Number of trains each way 
per day 7 | 8 28 28 8 28 
Cost in pence per train-mile (') 21 13 951 13 ` 8 
О £ £ % | £ 
Running expenses "is —.  5IO ' О ! 810 320 6. 
| Interest ... i ek wet — . 175. 175 | — 280 
pu. че eov == 
| Total ... te es 510 1,285 985 | 320 960 
| Increase... че] gx * 74-8. 495 ~ 640 
| Per cent. increase in traffic | | 
| required to pay expenses | | = 529 ШІ: же el 


(') With rotary sub-stations, 
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On the Lecco line the service of steam trains was for- 
merly about half as frequent as on the Varese line. The 
proportional increase in the number of electric train-miles 
will be about the same, so that the increase in the cost of 
running per mile of line, with transformer sub-stations, will 
be £150 per annum with water power. The capital expen- 
diture has been about eight million francs, or £5,000 per 
mile, involving an interest charge of £175 per annum, 
which, together with the increase in the running expenses, 
brings the total increase to £325 per annum. The pas- 
senger receipts are here much less than on the Varese line, 
being £380 per mile per annum for the section Lecco- 
Colico, £220 for the section Colico-Sondrio-Chiavenna, and 
£330 per mile for the whole line. Thus an increase of 
£325 per annum will require an increase in the passenger 
trafhc receipts of 128 per cent. The conditions of working 
an electric service on this line are therefore not quite so 
favourable as on the Varese line. 


REDUCTION OF FARES. 


The extent to which a combination of reduced fares 
and increased travelling facilities augment traffic has long 
been made a subject of careful consideration by the Italian 
railway companies. For some time past the Adriatica 
Company has been investigating this question experimen- 
tally on the line connecting Bologna with St. Felice, referred 
to above. The experiment was made with cars driven. by 
electric accumulators. The speed and the frequency of 
the trains were both doubled, and the fares reduced to 
40 per cent. of their original amount. The result has been 
that the passenger trathc has increased five-fold, and the 
receipts have been doubled. 

The fares on the new electric trains are given in Table 
IV., and are good for all trains whether express or omnibus. 
On the Milan-Varese line the reduced rates, as given in 
column C, have been available on omnibus trains. only, 
express fares being charged on all express trains; about 
20 per cent. of the total passenger receipts on this line 
being at the express rate, and 9o per cent. of the receipts 
from third-class passengers. If this proportion is maintained 
under the new conditions, the falling off in the receipts due 
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to the reduction in the fares would be about 20 per cent., 
if there were no increase in the traffic. It has already been 
shown that to pay the expenses of the new service at the 
old rates the traffic must be increased 80 per cent. if water- 
power is used, so that with the new rates the traffic must 
be rather more than doubled. 

With the new electric service on the Milan-Varese line 
the minimum fare is still about the same as before, namely, 
a halfpenny a mile, but whereas formerly this rate only 
entitled a passenger to travel on an omnibus train, it now 
entitles him to travel by any of the express trains, the speed 
of these trains being twice what it was before, and the 
service three to four times as frequent, so that for those who 
formerly patronised the express trains the fares have been 
halved and the speed doubled. The speed of the omnibus 
trains is also doubled, but owing to the number of stops the 
saving in time is not more than 30 per cent. 

The new service has been inaugurated by the railway 
company in confident expectation that the improved service 
will increase the amount of trafhc to such an extent that 
the receipts, even at the lower rates, will more than pay 
the expenses. 


COMPARISON OF THE CONDITIONS OF RUNNING AN ELECTRIC 
SERVICE IN ENGLAND AND IN ITALY. 


It may be useful to compare the figures obtained above 
for the conversion of a steam to an electrically driven rail- 
way in Italy with those that would be obtained under similar 
conditions in England. If the reduction in the weight of 
the train, and the increase in the service are in the same 
proportion in the two cases, the proportionate reduction in 
the running expenses will also be the same. With this 
assumption the cost will be reduced from 13 to 8 pence 
per train-mile ; the different items are given in Table VI. 
With a similar increase in the train service, namely, from 
8 to 28 trains each way per dav, the working expenses 
would be £680 per mile per annum, as compared with 
£320 with the former steam service, or an increase of {£360 
per mile. The electric installation would probably be more 
costly than that for the Italian lines, and might come to 
£8,000 per mile, on which the interest at 33 per cent. would 
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amount to £280 per mile per annum. The total increase 
in the expenses would thus be £640 per mile per annum. 

The passenger receipts for 1900 for the Great Northern 
Railway, to take a definite case, averaged 43 pence per train- 
mile, at which figure the receipts on a line running 8 trains 
each way per day would amount to £1,050 per mile per 
annum : the average for the whole of the Great Northern 
Railway being £2,460. Hence, to make up for the increased 
cost of the electric service the passenger traffic on such a 
line would have to increase 61 per cent., if the fares were 
unaltered. With halfpenny fares the traffic would have to 
be trebled. 

It seems clear that, whether in England or in Italy, the 
full advantages of electrical traction cannot be obtained 
without an increase in the total running expenses, and this 
increase can only be met by a corresponding increase in 
the passenger traffic, so that the change from steam to 
electricity should not be made unless the increase in 
trafic may be reasonably expected at least to cover the 
increased cost of running and the interest on the capital 
expenditure. 

Most railway managers would probably admit that the 
use of electricity on existing railways 1s worthy of con- 
sideration, and some will even go so far as to say, “If you 
can show that we should reduce our expenses by adopting 
electricity, we would do so." It is not, however, by reducing 
expenses that electricity is going to help the railways, but 
in enabling them to offer greatly increased travelling 
facilities to the public at a figure impossible with steam 
traction, and thus to meet the growing competition of the 
tramways. 

In answer to the question as to why the Italian railway 
companies are adopting electrical traction, it is often urged 
that they are doing so because of the saving effected by the 
use of water-power in place of coal. This is, however, very 
far from being the case, since even with water-power the 
expenses cannot be met unless the traffic increases. The 
use of water-power simply reduces the increase required to 
pay, the reduction in the case of the Italian lines being 
20 per cent. The prospects of success in England with 
cheap coal are more favourable than they are in Italy with 
water-power, as is shown by the fact that the increase in 


The 
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the traffic required to pay expenses is less in England than 
in Italy. 

The figures given above do not take any account of 
the relative possibilities of travel development in the two 
countries. Milan has a population of 471,000, about equal 
to that of Birmingham, but the towns along the line now 
being electrified are all quite small, Gallarate having a 
population of 8,000, Varese of 6,000, and Arona of 4,000, 
the largest being Busto Arsizio with 13,000. Taking the 
different lines radiating from Birmingham, by way of com- 
parison, we find that the united populations of the two 
largest towns on each line within a radius of 45 miles 
amount to 39, 41, 63, 86, тот, год, 121, and 185 thousand. 
With these figures before one, it is difficult to avoid the 
conclusion that the possible increase іп travel is far greater 
in England than in ltaly, and that if there is a field of 
usefulness for electrical traction on Italian steam railways, 
there is a still greater field of usefulness on the railways of 
our own country. 

I wish to express my thanks to the officials of the Strade 
Ferrate del Mediterraneo, and of the Strade Ferrate 
Meridionali, and in particular to Signor Ing. Victor Tre- 
montani, Signor Ing. Pietro Lanino, and Signor Ing. Leone 
Olper for their kind assistance in furnishing me with data 
and information. I am also indebted to Signor Tremontani 
for the views and plans in Figures 3, 5, and 6, and to 
Messrs. Ganz & Co. for the view in Figure 2. n preparing 
the maps and profiles the following have been consulted : 
The map of ltalian railways published by the Instituto 
Geograpico Militare, and the official train sheets of the 
Adriatica Railway Company. 


The PRESIDENT: We are all very much indebted to Professor 
Carus-Wilson for this admirable paper, which, having regard to the 
proposed visit of the members of this Institution to Italy next spring, 
has comeat a most opportune time. I have read Professor Carus- Wilson 
paper with much interest, and I think that he has done the railway 
companies of the kingdom a service in dealing with the question, as he 
has, largely from a commercial point of view. It is simply this aspect 
that will affect the railways of this kingdom ; for they are commercial 
institutions, and their object of course is to earn a fair dividend for 
their shareholders. If it can be shown that by the adoption of 
electrical power advantage is to be obtained either by economising 
the expenses or increasing the number or the value of the fares, the 
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railway companies will be equally anxious with the electrical engineer Th 


to adopt electricity. But I am afraid that many people in reading 
Professor Carus-Wilson’s paper may feel inclined to doubt whether 
such will be the case, because he comes to the conclusion that railway 
companies have to look, not to economies, so much as to increase of 
passengers and increased facilities. I am not in harmony with the author 
in his deductions, because it appears to me both from the figures which 
he has shown on the scrcen, and from the figures which he has been 
good enough to produce, and which I accept as quite reliable, that 
there is no comparison between the Italian railways to which he has 
referred and British railways. British railways are much more costly 
than railways in most other European countries, because the work is 
carried out in a much more complete and, consequently, more 
expensive manner. British railway companies have a much larger 
traffic, and our lines are more full of trains than are those which have 
been referred to in the paper. I think if we could only make a more 
thorough comparison between the expenses that have to be met on the 
Italian railways and those which have to be incurred by British rail- 
ways, we should, unless I am mistaken, see that the comparison did 
not quite support the conclusion. I am very glad to note that the 
Italian administration are dealing with this question, not in the sense 
it has often been suggested it should be dealt with by British railways, 
that is by an enormous increase of speed. They are increasing thcir 
speeds, but they are not adopting an extravagant зреса. It appears to 
me that it would be far better for railways to consider this question 
based upon a moderate speed rather than attempt a very high spced, 
which means the employment of much higher power, and consequent 


cost. 
I feel quite sure that if increased facilities would increase the traffic 


on the lines to which Professor Carus-Wilson has referred, the like 
increased facilities on British railways ought to be attended with far 
better consequences. 

Mr. CHARLES STEEL: I came herc to listen, not to speak ; to learn, 
and not to teach. I have followed the remarks of Prof. Carus-Wilson 
with very great care, but I confess that I am bound almost to endorse 
the chairman’s remarks in preference to the observations of the author. 
I will give my reasons. 

The conditions of railway working in Italy and the character of the 
traffic are widely different from what they are in this country. The 
introduction of electricity upon a railway upon which there are run 
trains consisting of few vehicles can only be accomplished—that is if 
that introduction is to be accompanied by a large increase of traffic— 
where there is a huge population to work upon. If you take the two 
points, Milan and one of the country places to which Professor Wilson 
has referred, you have not a large traffic. You have at one end a large 
town—Milan, and you have the country town at the other end ; but it 
does not follow that, because you have a frequent service between 
these two places, you are necessarily going to increase your traffic. 
When people travel they usually have an object in travelling, and 
people are not going to travel between Milan and the country places 
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merely because there is a frequent train service if they do not wish to 
travel for any other reason. It does not follow as a matter of course 
that, because you have there a quick service, you will create traffic. 
The case of London is altogether different; but even in respect of 
the London traffic I shall have to point out a fallacy which I think 
pervades the table No. 7, to which Professor Carus-Wilson drew 
our attention. I shall be very glad indeed if he can remove 
the impression which the table created in my mind. He showed 
the expense of running eight trains as compared with that of 
running twenty-eight trains. The number of trains was three and a 
half times as many when worked by electricity as when worked by 
steam. The expenses, I think, were £320 in the case of steam, and 
£960 in the case of the twenty-eight electric trains. The eight trains 
consisted, we will say, of seven vehicles each, or fifty-six vehicles in 
all. The twenty-eight trains consisted of two vehicles each—fifty-six 
again. But the expenses are three times as much in the case of the 
twenty-eight trains with fifty-six vehicles as they are of the eight trains 
with fifty-six vehicles. Therefore you are increasing your expenses 
enormously and are not increasing your traffic capacity. 

That brings me back to the point to which I referred in respect of 
the character of the traffic, and which must be considered in dealing 
with this electric train question. In the case of suburban traffic it is 
heavy in the morning and in the evening, though not quite so heavy at 
night as in the morning, as it then extends over a longer period, but 
during the day-time it is not so heavy. Atany time of the day, how- 
ever, trains of two vehicles are not adapted for dealing with London 
suburban railway traffic. 

Then, again, there is another difficulty to which Professor Carus- 
Wilson has not alluded in respect of the introduction of electricity into 
this country. You cannot run trains at short intervals over crowded 
lines. Take the case of the railway to which you have alluded, and 
with which I am thoroughly acquainted. You could not run a fivc 
minutes' service over the main line of the Great Northern Railway. 
What would become of your ordinary or general traffic if you did: 
That is one of the great difficulties with which the existing railways of 
this country will have to contend in respect of this particular question. 
Again, you cannot reduce the expenses as they do in Italy. We have 
had shown to us a photograph of a so-called railway station in Italy ; 
but the Board of Trade in this country would not allow for one moment 
a station of that kind to be used, and the Board of Trade will continue 
to exercise its power, for the public have demanded that there shall be 
still closer supervision exercised over the railways of this country. 
'That supervision is not altogether an unmixed blessing. You cannot 
dispense with your signalmen. Your block-system will have to be con- 
tinued, and, whenever you come to deal with electricity in respect of 
railways, you will also have to consider in connection with it what 
effect it will have upon your block-system. My own feeling is that, 5o 
far as the ordinary railways of this country are concerned, there is not 
much hope of electrification. I think certainly not in the suburbs of 
London, and it is there where, if they could be at all adopted, they 
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should be introduced. My view is—and I think it has been confirmed 
by the paper to-night—that, if electrical railways have to deal with 
passenger traffic in this country, they must be electrical railways for 
that traffic only, and for no other. To introduce electricity on existing 
railways there would have to be provided additional lines, and the cost 
in the neighbourhood of London of providing these for this particular 
traffic would be simply prohibitive. The price of Тама in the neigh- 
bourhood of London has gone up to an enormous extent. Land that 
cost £20,000 twenty years ago could not to-day be purchased for 
£100,000. And it must also be borne in mind that in providing addi- 
tional lines for suburban traffic to be worked electrically it would not 
relieve the companies of the cost of working and maintaining the 
existing ones. 

I am sure of this—that railway chairmen and directors would be 
very slow at this time of day to introduce any system which would 
increase the working expenses, and which would leave the question 
of obtaining increased traffic a problem to be solved in the future. 

I am satisfied also that there is a need for electrical lines in this 
country, and I believe that the problem of overcrowding in London 
will be mainly solved by this means. 

Мг. Н. M. Sayers: I think that Mr. Steel has afforded us one of the 
reasons why England is behind Italy in electrifying main railways. 
Except for a pious hope in the last few words, Mr. Steel's interesting 
speech has been a series of non possumus, from which it appears that 
the main lines of tliis country cannot do anything in the way of electri- 
fication, or in the way of relieving the overcrowding difficulty, or in the 
way of giving us better service generally. And therefore I suppose 
that Mr. Steel is content to be left to his coal or mineral traffic, because 
it seems to me that that is what it will come to. 

To come to the paper, Professor Carus-Wilson has carned the grati- 
tude of all engineers, especially all electrical engineers, by taking a live 
example and dissecting it in this very careful way with an eye to the 
commercial elements. These commercial elements are the first 
elements, of course, to be considered. We have been treated during 
the last few months to a very interesting series of papers showing how 
various electrical engineers would electrify railways if they had the 
chance. It is refreshing to know that so many people are willing to 
try their hands at a very difficult problem. But before they can get a 
chance they have got to show gentlemen like Mr. Steel and Mr. Steel's 
directors that it will pay ; and they have undoubtedly got a very hard 
problem before them in the way of inducing such a conviction. 

But I would like to point out that we have got an example nearer 
home showing how the increase of facilities does increase traffic. 
Within the last five years a good many tramways have been converted 
from animal- and steam-traction to electrical traction ; and in a good 
many cases tramways have been altered from lines of a few miles in 
length, within the limits of towns, to tramways running well outside the 
towns, and linking up large towns and small towns. One example 
with which I am acquainted carried in its palmiest days of steam 
traction about 1,800,000 passengers per annum. In its first (income 
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plete) year of electrical traction, over a slightly increased length of 
line, it carried six million passengers. What was the difference 
in the character of the service? Exactly the difference that Mr. 
Wilson has shown us between the character of steam-service and the 
character of electrical-service on the Italian lines—a much more 
frequent service of cars, a higher speed, lower fares, and a smaller 
carrying сарасйу рег car. It is a very curious thing that tramway 
statistics show that the earning capacity of any car all the way from 
twenty-eight passengers to sixty-three passengers is almost fixed. From 
eightpence to twelvepence a mile is what a car earns, and it does not 
very much matter what its capacity is. That means, of course, that 
you should run as many cars as you can so long as the reccipts leave 
some minimum balance over the running expenses, and that with a 
frequent service a comparatively small margin over the running 
expenses will cover the fixed charges. Now that is where electricity 
will help the English main lines when it is adopted. The trouble in 
English main lines is the enormous capital expenditure that has been 
incurred in constructing them. They work at somewhere between 50 
and 65 per cent. of their earnings. Of the balance I suppose four-fifths 
goes in the debenture interest or its equivalent. At all events, the 
balance that is left the ordinary shareholders, we know, is somewhere 
in the neighbourhood of 4 or 5 per cent. It is perfectly clear that even 
quite a small increase in the traffic, if it is not accompanied by a dis- 
proportionate increase in the working expenses, will increase the 
dividend, besides paying the cost on the electrification capital. 

I had occasion last year to consider a particular case of two large 
towns in this country connected by competing lines. It was a revela- 
tion to me at the time to find what a very small passenger revenue 
those lines had, and it was also very curious to find that if one of those 
lines were electrified and used for passenger traffic, it would be capable 
of carrying about four times as many people as now use the three lines, 
it would leave the other lines available for the goods traffic, and it 
would certainly pay a very big dividend on the cost of electrification. 
I believe that to be the case generally. 

Mr. Steel says that people travel for a purpose. Well, they do, but 
there is some proportion between the purpose that will make a man 
travel and the trouble and cost of the travelling and the time that it 
takes to travel. I have to travel a good deal as a matter of business, 
and I travel as little as I can, but I should travel a good deal more if 
railway travelling were not only cheaper but more expeditious, and if it 
werc not such a nuisance to get across, say, from Mr. Stcel's line to the 
Lancashire and Yorkshire main line. The cause of the nuisance is that 
the time tables are arranged with entire disregard to the meeting of 
trains between different companies’ lines, and because the services of 
many of the cross-country lines give intervals of from two and a half 
to four and a half hours between the trains, which are all slow. And 
that means an enormous expenditure of time which can ill be spared 
by a busy man. When it comes to travelling for pleasure, people 
choose lines and places to which they can get cheaply and quickly 
without much changing and waiting. If one going to a London 
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terminus could be sure to get taken to any town on a particular rail- 
way without waiting more than half an hour, many more people would 
travel for pleasure, and many more would travel because the expendi- 
ture of time and money required would be much smaller and lighter 
than it is now, and therefore a slighter purpose would suffice to induce 
them to travel. 

Mr. W. R. CooPER: I am rather uncertain whether the author 
wishes to apply his comparisons in this country to suburban or main 
lines. If to the former, then I think it will be admitted that his 
conclusions do not hold good, because there is generally a large 
amount of passenger traffic on such lines, and electrical methods lead 
to easier manipulation of the service. There may, therefore, be economy 
apart from the possibility of beingable to increase the carrying capacity 
of such a line. With regard to main lines, it may be well to define this 
term by saying that the popular idea of a main line is one which is long, 
as compared with a suburban line, and which deals with a large amount 
of traffic. Branch lines with little traffic form a different class. 

It appears to me that the author's conclusion that "the full 
advantages of electrical traction. cannot be obtained without an 
increase in the total running expenses, and that this increase can only 
be met by a corresponding increase in the passenger traffic," can be 
applied only to these branch lines. On such lines a good result cannot 
be expected unless there is a certain density of traffic. The author 
shows a reduction in running costs per train-mile, but as the traffic is 
small, an increase in the number of passengers is necessary to pay a 
dividend on the extra outlay. 

But with main lines the case isdifferent. Many of these are carrying 
as much traffic as they can conveniently handle, and although their 
capacity might be increased to some extent by a change to electrical 
methods, yet this increase would not be nearly so great as on a 
suburban line, partly because the character of the service is much 
more varied and partly because the speeds cannot be raised so very 
much beyond thosc at present in use unless alterations are made in the 
permanent way. Therefore in the case of main lines it is desirable to 
know what reduction in running costs is possible when operating a 
service somewhat similar to that which is worked by steam. For such 
lines I think the author's conclusions do not hold good. 

Italian railways cannot very well be compared with railways in this 
country. In Italy, trains generally stop at every station, and stop a con- 
siderable time ; between stations they run at a low speed, so that travel- 
ling is very slow. Thus competition by means of tramways is much 
easier than it is over here. 

Generally consideration is given to the question of passenger traffic 
exclusively, but it is likely that, in the case of main lines, the goods and 
mineral traffic are worth greater consideration than the former, for the 
present conditions of working this traffic are not economical and 
passenger train-mileage is only about one-third or less of the whole. 
The uneconomical working is due to a large extent to the shunting 
required for goods trains. Mr. S. W. Johnson, in an address to the 
Institution of Mechanical Engineers (April, 1898), has stated that the 
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mileage of engines in shunting or equivalent work on the Midland 
Railway is, for passenger trains, 13°07 per cent. of the train-mileage 
in addition, but for goods and mineral trains 38°73 per cent. In the 
same paper the cost of locomotive power in 1892 is given as follows :— 


Passenger trains ...  6'94 pence per train-mile. 
Goods » ... 9'29 » » 521 yp 
Mineral » ... 11:68 » » ” Hi 


From other figures in the same paper the following coal consumption 
is found :— 


Passenger trains ... 36 lbs. per train-mile. 
Goods » .. 53 » ” » » 
Mineral » ... 62 » » » » 


In a paper read by Mr. W. E. Langdon before this Institution (Vol. 
30, р. 124, 1909), it is shown that the average horse-power required is 
greatest for passenger trains and least for mineral. It therefore follows 
that the average amount of coal required per I.H.P. hour for these 
three classes of trains differs even more widely than the coal per train- 
mile. It thus appears that the greatest economy will be gained by 
applying electric traction to goods and mineral, rather than passenger, 
traffic on main lines, for the inefficient working of engines for shunting 
would be avoided. Of course there is the complication of sidings, but 
I think that this difficulty has very possibly been exaggerated. 

Referring to Table VI., electric traction might mean some reduction 
in wages on the locomotive, but it is not likely that a single motor-man 
would be permitted in this country. In calculating Table VII., interest 
has been taken at 34 per cent., which seems rather low. 

Mr. ARNOLD LuPTON: With regard to the exceedingly valuable 
paper to which it has been our privilege to listen, I am in the position 
of being able to agree to a great extent with the author of the paper, 
and also with the exceedingly valuable remarks of Mr. Steele, which 
appear to contradict it to some extent, but not, I think, really. 

As far as I have observed, I do not know any engineer who has 
really grappled with all the problems which have to be dealt with in 
dealing with the main line traffic of such a company as the Great 
Northern or any other of our great main lines by electrification. But 
when we come to deal with branch railways where trains run com- 
parably to those Italian railways, only seven trains a day, there the 
same class of circumstances would scem to involve the same treatment. 
You would decrease the length of the trains and increase their number, 
and no doubt you would increase the traffic. 

There is not the slightest doubt that in the country districts of 
England, owing to the small number of trains running, the passenger 
traffic is greatly reduced and people do not travel. They telegraph, 
telephone, drive, walk, or cycle, when they would go by train if there 
wcre anything like a convenient service, which there is not. In some 
few provincial districts of England, like the busy parts of the West 
Riding of Yorkshire and of Lancashire, there is something like a train 
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service. But go a few miles away, say into Derbyshire and Notting- 
hamshire, and it is a whole day's work to go to the county town twenty 
miles off and back again. I am speaking from practical experience. 
But I think that very likely what Mr. Stecl has said is in the main 
right, that there should be separate electrical railways some of these 
days. 

But I should like to refer to one or two details in Prof. Carus-Wilson's 
exceedingly valuable and carefully constructed tables, if I may so say. 
In Table 6, giving a comparison of English steam railways and electric 
railways, I take it that in the electric lines there is a vast deal more 
horse-power developed at the generating station than there would be 
in steam locomotives for an equal train service, but by more economical 
engines ; and a cheaper kind of fuel for generating power. I venture 
to think that perhaps the economy of fuel in favour of electricity will 
be greater than that stated by Professor Carus-Wilson, because there he 
is dealing with the train half the length. But he has made it more 
than half. I think if vou consider the great difference in cost of fuel— 
and that probably before long gas engines will be used for developing 
electricity, which will bring down the amount of fuel to perhaps $ of 
a pound per indicated horse-power—I think the reduction per mile 
will be more. Then, again, with regard to the item “ Water, oil, etc.,” 
I hardly think that it would be 0'45 if it was 0°77 іп a train twice as 
long. But there is another item. I have read the paper through, 
but so far as I gather there is an additional remark which the author 
has not added, but which perhaps he has in his mind. In comparing 
the cost of steam railways and electrical railways in England and in 
Italy, he has added a considerable item for the interest on the cost of 
the electrification of the railway. Well, no doubt he is talking of 
existing railways. Of course in a new railway there would be interest 
on the cost of the steam as the alternative to interest on the cost of 
electricity. 

Major-General C. E. WEBBER: This subject which has been brought 
before us, and which occupied not long ago four evenings at the parent 
institution, requires, I believe, far more time for discussion than it is 
possible to give it to-night. I am sure that if this paper can be 
discussed at the commencement of our next session, we shall by that 
time have it in the minds of a large number of practical men. We 
shall occupy ourselves, in a less speculative way than was the case on 
those four evenings, with a subject which is of so much interest. No 
one can read Professor Carus- Wilson's paper without meeting almost 
on every page questions to which they would like a reply. Any one of 
the author's tables requires, I think, that questions should be put as to 
the incidence of the figures of passenger mileage, and so on, all of 
which questions are largely affected by the condition of railway traffic 
in the various countries of Europe. 

Having had to prepare the article for the “ Encyclopedia Britannica" 
which deals with * light railways" in all parts of the world, it has occurred 
to me that there are questions arising out of those conditions—local, 
climatic, cost, etc.— which vary so much as to require that such a set of 
tables as has been brought before us by Professor Carus-Wilson should 
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be subjected to the light of the experiences that are obtainable, as 
regards not only the very costly lines that we have in the British 
Islands, but also the lines where they are less costly and are built to 
suit the ways and the habits of peoples, which differ with those of 
this country. 

Therefore I hope that this meeting will agree in asking you to 
adjourn this discussion to the first evening of our next session. I am 
pretty sure that in the meantime our members who will have thought 
over this subject will be able to give us one or two more interesting 
and certainly more instructive evenings than those to which I have 
referred. It will afford Professor Carus-Wilson not only time to 
consider the points which have been raised by Mr. Steel and other 
speakers, but also perhaps to bring before us other matter equally 
interesting in support of the views that he has already expressed. 

Mr. W. P. DiGBY (communicated): І can only read Professor Carus- 
Wilson's admirable and lucid paper with regret that so little in these 
directions is being done in England while sister countries are doing so 
much. I am interested to see that these lines have their passenger 
traffic driven by a passenger-carrying locomotive, so that, apart from 
these locomotives, the passenger coaches referred to as trailers are 
entirely interchangeable. Therefore, if in the future the Adriatica 
Railway Company remodelled their entire system for three-phase work 
while the Mediterranean Company remodelled for a continuous-current 
system, this absence of standardisation would only entail expense for 
a change of locomotive or a shunting of coaches at different breaks of 
system. It is much to be regretted that the rival systems are not being 
tried under circumstances best qualified to determine their relative 
advantages. The boldness and energy which characterise the action 
of the directors of these railways—railways which feed comparatively 
sparse populations—is beyond praise. Whether the resultant extra 
trafic required to justify their action is obtainable remains to be 
seen. 

I would suggest that in the computation of railway statistics there is 
room for a new factor of comparison, namely, that of the passengers 
carried per mile of track per annum per million population in the 
districts served, inclusive and exclusive of season ticket-holders. It is 
possible that our President, Mr. Langdon, could obtain these figures 
from the different companies. 

The PRESIDENT : I think that it would be unfair to Professor Carus- 
Wilson if we carried over the paper in the ordinary sense until next 
session, because he would naturally like to have the paper brought 
out, and we ourselves would also like to have the observations of the 
several speakers put into print for the purpose of circulation. But I 
think that we may meet the question, or the suggestion which has been 
made, by asking the author to reply to the discussion that has proceeded 
so far, and to supplement the paper by some further information which 
no doubt he will have gathered between this and next November, and 
then give us the additional remarks as a supplement to this paper. 

Prof. CARUs-WiLsoN : I hope that you will understand that my own 
wishes in this matter of postponing the discussion on the paper are 
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quite subservient to the wishes of the Institution. I really do not very 
much care what is done. For my own part I would perhaps prefer 
that the paper should be printed, but still I am quite prepared to agree 
to whatever the Institution thinks best in the matter. 

Major-General WEBBER : May I say that I did not suggest that the 
proceedings of the present evening should not be printed and circulated. 
I rather suggested that it was essential to a further discussion that they 
should be. 

Prof. CARUs-WILSON : The remarks that you, sir, were kind enough 
to make in opening this discussion impressed on my mind once more 
what I have felt in all discussions on this question which we have had 
here and elsewhere, namely, the great difficulty of defining one's 
position. One takes up a certain line and uses certain terms, and then 
with the very best intentions other speakers fail to enter into one's 
own position and make remarks which may be perfectly correct and 
true, but do not affect the question intended to be brought forward. 
A good instance of this is the meaning to be attached to the 
expression * mainline.” In several of the remarks that have been made 
to-night the question comes up again and again, What do we mean 
by “main lines"? When I showed on the screen a photograph of the 
official map of the Italian railways, some people supposed that I was 
going to read a paper on the electrification of main lines, and jumped to 
the conclusion that I was advocating the introduction forthwith of 
electricity on to the Great Northern Railway from London to York, 
for instance. Nothing was farther from my intention. The railways 
that this paper deals with are railways that may be defined as having 
about eight trains each way per day. I do not think that any one 
can say that such a railway was a main line. 

Now, sir, I think that this definition offers a reply to the criticisms 
which you made when you said that you did not think that the figures 
in the paper offered a fair comparison between the state of affairs 
in Italy and those in this country. We have to compare a line such as 
is now being electrified in Italy with a line carrying the same amount 
of traffic in this country ; and if that is done we shall have as fair a 
basis of comparison as is possible, and a large proportion of the mileage 
on our lines is comparable with that of the line from Milan to Varese, 
a considerable proportion consisting of lines where there are not more 
than eight trains a day. 

The remarks that Mr. Steel made come with great weight from one 
who has so long carried on the responsible work of managing onc 
of our greatest railways, and we are indebted to him for coming here 
to-night and giving us his views on this subject. Mr. Steel has put 
clearly his reasons for dissenting from the view expressed in the 
paper that the introduction of electricity on lines other than urban 
and suburban lines depends entirely upon the increase of traffic that 
may be expected. I still maintain emphatically that position, and 
am glad that Mr. Steel has made his remarks so pointed, because 
they give me an opportunity of again stating my belief that it is only 
the possibility of developing traffic that will lead to clectricity being 
introduced upon lines such as these here considered. 
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In stating that the traffic capacity is not increased, Mr. Steel has 
overlooked the fact that the increase of speed gives a proportionate 
incrcase in the traffic capacity for equal accommodation. This is one 
of the most valuable features of the electric system. 

Mr. Cooper said that it was not fair to consider only the case in 
which the train service was increased, that if you increase the train 
service of course you increase the cost of working, and that you should 
include also the case where the train service was not increased, but was 
left unaltered and the motive power simply made electricity instead of 
steam. Here again Mr. Cooper has struck the fundamental point of 
difference between the two ways of looking at this whole question. 
The substitution of electricity for steam simply with the object of 
saving coal does not offer a sufficiently substantial inducement to incur 
the capital cost involved. 

Mr. Lupton thought that I had made the cost of the fuel too high; 
I hope it may be too high. I have endeavoured to be conservative in 
the statements that I have made. I have not gone into thc question of 
electrifying a line constructed de novo, I have simply taken the case of 
the electrification of an existing steam line. 

I would like to refer to a portion of the paper that I have not dealt 
with at length, that, namely, on the last page, as it answers some of the 
criticisms that have been made to-night. I endeavoured to find out 
what was the possibility of an increase of traffic on the Varese line, 
and when I saw the populations of the towns on this line and compared 
them with those on our own lines, I could not doubt that the possibility 
of the increase of traffic is far greater in our own country than it is 
on the lines that have been electrified in Italy. The railway companies 
in Italy have not approached this question of the increase of traffic in a 
policy of blind faith, as Mr. Steel suggested, merely trusting that the 
trafhc would increase. Nothing would have been more fatuous. For 
ycars past they have been studying most carefully the connection that 
exists on their lines between increased facilities and increased traffic. 
That is the secret of what they are doing now. The electrification of 
these lines is the outcome of a careful and prolonged investigation of 
this question ; and I think that the managers of our great lines should 
follow their example. I do not suggest that they should forthwith go 
and equip this line and that electrically, but that they should lose no 
time in taking steps to investigate the vital question of the connection 
between increased facilities and increased traffic, and when they have 
done that I think they will be more hopeful as to the travelling 
potentialities of the British public. 

The PREsIDENT : Gentlemen, I may perhaps point out, in reference 
to my remarks in drawing a comparison between Italian and British 
railways, that I was induced to regard the reference to British railways 
as applicable to our large lines because the author had taken his com- 
parison of figures from the Great Northern Railway. 

I will ask you to accord to Professor Carus-Wilson a very hearty 
vote of thanks for his paper ; and we hope that he will supplement it by 
further information in the early portion of next session. 
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The PRESIDENT announced that thc scrutineers reported the follow- D 
А $ resident. 
ing candidates to have been duly elected :— 
Associate Members. 


George Aldridge. | Walter Frederick Long. 
Walter Hudson. John Digby Pember. 


Associates. 
Arnold Dickinson Manlove. | Bernard Sankey. 
Antolin Ruiz. Edward Thornton. 
Charles Jebb Vaughan. 
Students, 


Digby Connolly Haylock Bell. | Carl Petersen. 
Percy Richards. 
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NEWCASTLE LOCAL SECTION. 


SOME NOTES ON THE INFLUENCE OF THE 
SUB-STATION EQUIPMENT AND TRANSMIS 
SION LINE ON THE COST OF ELECTRICITY 
SUPPLY. 


By ANDREW STEWART, Associate. 
(Paper read at the Mecting of Fanuary 27th, and discussed February 3rd, 1902.) 


In the natural process of evolution through which all things are 
passing, changes, often of the most radical nature, take place in a 
comparatively short space of time, so rapidly, indeed, that it is only 
by a survey of all that has occurred over three or four years that their 
importance is fully realised. One of the most striking changes has 
been the growth of electricity 
supply. Not so very long ago 
the narrow limits of a small 
town practically defined thc 
area over which electricity 
supply was deemed advisable 
or economical. To-day such 
limitations no longer hold 
good, and a whole county 15 
deemed none too large for the 
operation of one supply autho- 
rity. With the extension of the 
arca of supply have come new 
problems of a different nature 
to those alreadv solved. Direct 
current is still the proper thing 
to distribute to consumers, but 
transmission over long distances 
postulates high pressures, and 
high pressures mcan alternate 

0078 œe оз os œ 2 з «s 22029950 "* — cCurrents—pgenerally two- ог 
Fic. 1. three-phase. The transforma- 

tion of high-pressure alternate 

currents to low-pressure direct current involves apparatus of a nature 
not yet well defined. Opinions seem to differ as to whether rotatory 
converters, synchronous, or asynchronous motor-generators should be 
used. Sometimes the former is used, to the exclusion of the two latter ; 
in other cases, one or other of the two last-named types is employed ; 
while in some instances the two latter are employed together, generally 
asynchronous for the smaller and synchronous for the larger machines. 
The transmission and transformation of electrical energy under the 
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conditions existing on a distribution system of tlie nature already 
defined is accompanied by losses, and involves annual charges for 
interest and depreciation which will bear investigation, producing, it 
is hoped, results of considerable value. W'hat, however, is still more 
important, by inducing others to discuss the subject, the diversity of 
opinion existing will assume concrete shape, and a more definite idea 
of the various considera- 
tions, both financial and 
engineering, will be the 
result. 

Starting with the trans- 
mission line, if any diver- 
sity of opinion does exist, 
thanks, perhaps, to an 
autocratic Board of Trade, 
it finds but little chance 
of expression. The man- 
ner in which the mains 
are laid being specified, a 
limit is placed on the 
amount of energy which 
may be transmitted by 
one cable; and overhead 
wires are, practically 
speaking, out of the ques- 
tion for the same reason. 
Within these limits one 
may exercise ingenuity in 
bringing the cost of lay- 
ing mains on the pre- 
scribed scale to an irre- осот 
ducible minimum, but Ж 
beyond that the Board of 
Trade draw the line. 

There are, however, some 

features which demand attention in relation to the cables, the cost of 
copper insulation, and the material necessary to preserve the integrity of 
the latter, or to give it mechanical protection. These are, of course, points 
which principally concern the cable manufacturer, but are, neverthe- 
less, of great importance to the clectrical engineer, who has to consider 
the question from its dividend-carning aspect. Fig. 1 gives some 
curves plotted from the cost of high-tension paper-insulated, lead- 
covered and armoured cables, showing the relative cost of copper and 
insulation at various E.M.F.’s. (The abscissze represent the size of 
the cable, and the ordinates a value obtained by dividing the cost of 
insulation by the value of the copper in the cable) The most 
remarkable feature is the very great cost of insulation at high voltages. 
With small cables, the cost of insulation becomes a serious matter ; 
its cost, in fact, varies in proportion to the E.M.F., suggesting at 
once the proposition that if the copper varies inversely as the square 
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of the E.M.F., while the insulation varies more or less in direct pro- 
portion to the E.M.F., there must be a point at which copper will cost 
so little and insulation so much that it will pay to work with a lower 
E.M.F. This point will depend upon the relative price of copper and 
insulation. 

Fig. 2 shows the approximate weight of copper required to 
transmit 1,000 k.w. 1o miles with ro per cent. loss at full load at 
E.M.F.'s of 7,000, 10,000, 15,000, and 20,000 volts between the three- 
phase lines, at power factors varying from units to '5. It should be 
noted in passing that the curves are plotted for the same percentage 
loss in watts, and not for thc same percentage drop in volts; were 
the latter taken instead of the former, the curves would be much 
flatter at low-power factors. The influence of a high-power factor 
on the cost of copper is too obvious to require any comment. I have 
taken go per cent. as the efficiency of transmission at full load, chiefly 
because opinions differ as to whether or not a fairly high efficiency 
of transmission should be taken. It is, as is well known, a commercial 
question depending upon how many hours per day the maximum load 
will last. 

Fig. 3 shows the cost of copper, insulation, and total cost of three- 
core cable to transmit 1,000 k.w. at 7, 10, 15, and 20 thousand volts 
over a distance of 10 miles with ro per cent. loss in watts at full load. 
The large cost of insulation on such a line is very apparent, as also 
is the fact that the economic voltage is a definite one in this particular 
case. Beyond 15,000 volts, the line becomes more costly, and this is 
also the case at less than 15,000 volts; a line for a power-factor of ‘g 
shows the same configuration. The section at the lower power-factor 
is worked out for the same percentage loss in watts; the cable is, 
therefore, larger and more costly. The power-factor indicated is what 
may be expected if large induction motors are employed. The value 
© will only be obtained, however, if the wave-form of motor and 
generator are alike, and this has been assumed throughout. If they 
are not alike, one may expect a power-factor not of ‘9, but of much 
less. These observations also apply to synchronous apparatus. No 
amount of juggling with the exciting current of a synchronous motor 
will make the power-factor unity if the wave-forms are dissimilar. 
Carried much further, these curves assume a U shape; on one side 
copper predominates, on the other insulation. 

Taking two cables of approximately half the section and plotting 
copper and insulation as before, it will be seen (Fig. 4) that pretty 
much the same contour is obtained, but the influence of the pre- 
dominant factor—viz., insulation—is still more marked, and the 
engineer who declines to rely on one cable must pay a heavy price in 
insulation for his additional safety. Of course, in most cases with a 
fairly long line, it will be better to run a cable from the nearest sub- 
station if there are others in the vicinity, as, for instance, with two 
sub-stations, А and B. From the generating station to A, and also to 
B, with a cable linking up A and B, either sub-station may be fed 
direct from the generating station, or A may be fed via B, or B via A. 
Nevertheless, were a sub-station located ro miles distant, and no 
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other in proximity to it, it is to be doubted if any engincer would rely 
on a single three-core cable, no matter how carefully laid. 

The important point which is brought out prominently by these 
curves is that while the cost of copper varies inversely as the square 
of the E.M.F., the insulation follows a law quite the reverse, though 
perhaps not so definite; also that with underground cables and the 
cheapest of all known reliable insulators one cannot take full advan- 
tage of extra high pressures, and on a large system the money sunk in 
insulation may reach a formidable fi ‘ure. It is also apparent from 
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Fig. 4 that 7,000, 10,005, and 15,000 volts are all more economical 
than 20,000 volts, which goes to prove that under existing regula- 
tions long-distance power distribution will develop along lines 
entirely different from American or even Continental practice. 
From these curves we may conclude at once that there is a 
definite voltage at which, with any given set of circumstances, 
maximum economy is secured, and that voltage will depend upon the 
size of the cable, it being obvious that if the power to be transmitted 
reaches scveral thousand kilowatts, so that cable of comparatively 
large section has to be employed, a higher voltage becomes commer- 
cially possible, because, as is seen from Fig. 1, with large sections 


Thousand Volts 1 te 15 20 Thousand Volts. 
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insulation costs are not abnormal in their relation to the cost of copper. 
It may be pointed out in passing that the prices which the writer has 
been able to obtain do not always agree, especially with cables of large 
section; in some cases the insulation costs more than is shown 
in the diagram. The difference is not, however, very great, and in 
the cables of smaller sections there is a remarkable agreement between 
British and Continental prices, so that such conclusions as may be 
drawn are applicable over a fairly wide range. 


THE SuB-STATION. 


The sub-station equipment has been so fully discussed by several 
members of this Institution that I will not make any lengthy observa- 
tions upon it. Nevertheless, one or two engineering points will be 
raised in order that their influence upon any conclusions at which we 
may arrive shall not escape observation. The simplest sub-station 
is undoubtedly one equipped with asynchronous motors driving one or 
more direct-current dynamos. The station plant and switch gear are 
about as simple as one could wish. The pressure on the direct-current 
side is entirely independent of the alternate-current side, and capable of 
considerable variation, hence a mixed lighting, power, and traction load 
can be easily served. The asynchronous motor possesscs most of the 
characteristics of a shunt-wound direct-current motor, and is thus 
unlikely to disturb anything else on the system, whilst sudden over- 
loads, such as shorts, have no disorganising effect upon several 
induction motors in parallel. Such machines may be built to take 
the line pressure on the stator, consequently saving the cost of, and 
losses in, step-down transformers. Variations in the line voltage do 
not influence them, except to limit their overload capacity, while no 
direct current-excitation is required. On the other hand, they have a 
power factor less than unity, which involves either additional capital 
outlay in copper or increased line loss, while their power factor drops 
with overloads, hence limits thcir overload capacity when most wanted 
by lowering the impressed E.M.F. Sub-stations so equipped are 
economical in point of attendance, no synchronising being necessary 
—indeed, they may be started with the ease of a shunt-wound direct- 
current motor, either by an auto-transformer or a resistance in the 
rotor, the latter by preference. Their ability to carry an overload, 
provided the impressed E.M.F. is maintained, is limited almost 
entirely by the capacity of the direct-current generator which thev 
drive. 

The next type of sub-station equipment is the synchronous motor- 
generator, which possesses most of the advantages which have alreadv 
been cited as pertaining to an equipment whose direct-current side is 
independent of the alternate current. It has one feature possessed also 
by the rotatory converter, that its power factor is adjustable over a fairlv 
wide range, and hence may be maintained at or near unity, or may 
be emploved by reason of its condenser properties to cover the sins of 
some neighbouring induction apparatus, and is in some cases employed 
in conjunction with induction motors for this purpose. It has con- 
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siderable overload capacity, but this is, of course, to some extent 
determined by the rating of the machine. If seriously overloaded it 
will pull up, but, unlike an induction motor, will not generally recover 
when the overload has passed off. It is influenced by the cyclic 
irregularity of the power-house engines. Direct-current excitation is 
a necessity, and must be synchronised before paralleling, which 
postulates a more skilful type of attendant. It is as liable to hunt as 
is the rotatory converter, but it seems that the tendency of either type 
to do so has been exaggerated : certainly as far as I have been able to 
ascertain, it seems that, provided the cyclic irregularity of the power- 
house engines is kept within certain limits, other causes, such as shorts, 
etc., do not seriously influence its stability. 

The rotatory converter is perhaps the most popular means of convert- 
ing alternate to direct current ; its outstanding advantage—viz., low 
first cost and high efficiency —has won for it a place which otherwise, 
it might not have occupied. Asan engineer must, if he is to justify 
his existence, do things for less money than any one else, he generally 
finds that he must modify, as far as possible, the undesirable features 
of the cheaper apparatus, and use it. It is not altogether remarkable, 
considering their characteristics, that converters have not found much 
favour in this country ; they are sensitive to fluctuations of the line 
E.M.F., and as the direct-current pressure bears a definite ratio to the 
impressed volts on the alternate-current side, any variation on the 
latter side will be reproduced on the direct-current side. Moreover, 
systems where the ratio Pii а UE qis low need not, in order to 
ensure a maximum economy, have as much feeder copper as one with 
a higher ratio, hence the rapid drop in linc volts due to a sudden over- 
load would become apparent on consumers' lamps. Another dis- 
advantage is that, should several well-loaded rotatory converters be in 
parallel, and one become suddenly overloaded it would tend to cause 
hunting all round, as a condition of unstable equilibrium would be set 
up. Of coursea liberally rated machine, fitted with damping coils, would 
modify these disadvantages considerably, but liberal rating means 
more capital, and, as will be shown presently, capital really has more 
influence on the cost of electricity supply than anything else. Never- 
theless, rotatory converters are in practice more reliable than is generally 
supposed. Some time ago the writer carried out numerous experiments 
with a converter that was feeding lamps, and it was only under the 
most adverse conditions, sudden and heavy overloads, that the 
objectionable characteristics of the machine became apparent. On 
a large tramway system with which the writer is acquainted, the 
converters are run in parallel on loads of the most trying nature, yet 
their performance is all that can be desired. 

Coming to the resultant costs per unit delivered, we must, in order 
to institute a comparison, have some definite figures. That these 
figures must be hypothetical is obvious ; indeed, not until some one 
designs, say, six power schemes equipped with six different systems of 
transmission and conversion, will any definite data be forthcoming. 
We can, however, by assuming certain conditions, arrive at conclusions 
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which may serve as a guide in determining the merits of one or other 
method of transmission or conversion. The generating station is 
assumed to cost £25 per kilowatt installed. I may point out en passant 
that the above figure is quoted merely as a basis. Some large stations 
have been built and equipped for this sum, but as what a station is 
estimated to cost, what it really has cost, and what it is likely to cost 
before it is ultimately finished, are all points upon which much might 
be said, the figure is quoted with all due reserve. Assuming that 20 per 
cent. of the plant is spare, the cost per kilowatt available for supply 
purposes will be £312 while a diversity factor of 1:5 has been taken 
making the cost per kilowatt maximum demand = £208. 

It has been assumed in the following tables that at the end of the 
Io-mile line already discussed we shall place a sub-station of 1,250 k.w. 
capacity, consisting of two sets of 500 k.w. and one of 250 k.w. 
Further, the maximum load on this station should be 750 k.w.; this 
would allow of one 500-k.w. set being in reserve, leaving the smaller 
one to deal with the day load, which is probably an economical 
arrangement for a load factor of 30 to 40 per cent. This is admittedly 
a high load factor, but not greater than the sanguine promoters of 
the Power Bills would have us expect when these schemes are properly 
under way, nor greater than is obtained in tramway work. Such 
a sub-station might be equipped with synchronous or induction 
apparatus, or three- or six-phase rotatory converters. The station may 
even contain a combination of the first and second types; such 
combinations seem favoured in some quarters by reason of their 
flexibility. Smaller machines might be asynchronous, giving easy 
starting from thc alternate-current side, and the larger, synchronous 
apparatus with its accompanying high power factor (not necessarily 
unity). 

The capital cost would be somewhat as follows : 


S00-k.w. Sets. 


^———Motor-generators.——, ^  —Rotatory converters.— 
Asynchronous. Synchronous. Three-phase. Six-phase. 


Total.......... £2,750 .. 42,750 .. $2,375 -. 42,125 
Per kilowatt £5 105. ... £5 IOS. .. £4158. ... £4 55. 


Only the converters include static transformers. 


250-k.u'. Sets. 
Total... £1,750... 41,750 .. 1,312 105. .. £1,250 
Per kilowatt £7 42% £7 ДЕ 45 55. — £5 


The total capital outlay on such a station will therefore be: 
asynchronous or synchronous, £7,250; rotatory converters—three- 
phase £6,062, six-phase £5,505. 

The efficiency is as follows: 
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500-k.w. Sets. 
Rotatory converter, 


Asynchronous. Synchronous. including statics. 


Per cent. Per cent. 
Per cent. 
Full load.............. 86. ose ӨСЕ: асылдан 92 
Three-quarter load 84:3 ......... BS. саны 905 
Half-load............. OI uis ӘГЕ ои 88 
250-k.u'. Sets. 
Full load.............. S4. iude S41. issued go 
Three-quarter load 825 ......... 825 tm 89 
Half-load............. ZB S. чан BUB. ышана 85 


Taking the maximum load at about 750 k.w., and a load factor of 
about 38 per cent., we have 2,490,000 units required at the low-tension 
'bus bars. This output would be obtained with the smaller set, 
running with a mean load of, say, 200 k.w. over the 24 hours, and the 
large sct with 500 k.w., about four hours per day. The smaller set 
would thus convert 1,760,000 units per annum and the larger about 
730,000 units. The hypothetical nature of these figures should, of 
course, be borne in mind. With the smaller set running, as already 
noted, at about 8o per cent. of its load, its efficiency would be about 
83 per cent., and that of the line at this very light load about gg per cent., 
giving 824 per cent., therefore to get 1,760,000 units on the low-tension 
side approximately 2,140,000 units must be supplied at the high-tension 
end. The load on the large machine being at all times added to the 
smaller one, the line load will, while the larger machine is running, be 
the sum of these two, and the line efficiency about 95 per cent., the 
efficiency of the machine being 84°3 per cent., a total of 80 per cent., 
which means 010,000 units at the high-tension end. The units at high- 
tension generating station 'bus bars will then be 3,050,000, and at low- 
tension sub-station 'bus bars 2,490,000, representing an over-all efficiency 
of 8r2 per cent. It should be noted that a proportion of the units 
supplied to the small machine will be delivered to it not at 99 per cent. 
line efficiency, but at 95 per cent. This, however, has been neglected, 
because while complicating the problem it does not give results of 
corresponding value. The process by which my results have been 
reached is in the above case fully explained, and in all other examples 
the results only will be quoted. 


TABLE I.—Synchronous Motor-Generator—15,000 Line Volts, Two 
Three-Core Cables, one spare. 


Capital Costs. 
Sub-station plant " Vis cis - e. £7,250 
Buildings  ... е js T iis ies дЕ 900 
Copper in line ss 45% sae 5 н ... 1,000 
Insulation... sas si fa re ізі ... 12,000 
Laying and reinstatement... m кез sad e. 5,873 
£28,023 


= £22'5 per kilowatt installed. = £375 per kilowatt of maximum 
demand, taking 750 k.w. as maximum demand. 
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Total Capital Cost per Kilowatt Demanded. 
Generating station  ... 55% ET grs sg .. £208 
Line and sub-station -— see iss E sco 375 

Total .. es "Y D Vae ju e. 4583 


Annual Costs—Standing Charges per Kilowatt. 


Interest on capital at 3 per cent. (2583) .. e. £115 о 
Depreciation, 7 per cent. on 4208, generating station 1 8 7 
Depreciation, 7 per cent. on £10°8, substation pau 


and buildings sae О 14 7 
"d 5 per cent. on feeders, 1 I per cent. on 

ducts .. 25. Sie ids uss 555 sed 00573 

: 4 18 5 


Running Costs. 


Labour (one engineer and one labourer per shift) 

= £456 per annum, = £°61 per kilowatt maxi- 

mum demand Hi 45% O I2 3 
Proportion of distribution engineer's salaby and staff 

charges, say £100 per annum per sub-station 

= £13 per kilowatt maximum demand ми cs 2. 39 


{ 


Total annual cost per kilowatt ... 5155 13.35 


Of these charges £3 12s., or 58 per cent., is on account of mains and 
sub-station. Over-all efficiency = 81:2 рег cent. А further 1 per cent. 
(nearly) is lost in dielectric hysteresis,‘ reducing this figure to 80'2 per 
cent. A unit costing ‘3d. at high-tension station "Биз bars will cost 
37384. at low-tension 'bus bars, and a consumer using a maximum 
demand of тоо k.w., with a mean of 70 k.w. over 24 hours, will use 
about 613,200 units per annum, which at '373д. costs £950. We thus 
have— 


Energy costs ... T s vis sie m ... £950 
Fixed charges ... пи sss bus —- sg ... 565 


£1,515 


Average price per unit, ‘59d. 


' The charging current of this line (capacity 1:25 microfarads) would be at 
no-load about 5:8 amperes — 152 apparent kilowatts. The power factor has 
been taken at ‘023, giving a loss of slightly over 30,000 units per annum. This 
loss has been considered in the paper as a function of the line loss ; it reallv 
is a fixed loss, independent of the number of units transmitted, and should be 
reckoned at the works cost per unit, in this case about 438 per annum per 
cable in use, this figure being placed amongst annual charges. The cost of 
the dielectric losses may seem small, but it must be noted that there may be 
six to eight such cables radiating to various sub-stations all in use continuously. 
With smaller cables, the losses are not reduced in proportion, as the ratio of 
sectional area to surface does not diminish. 
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Consumer using 100 k.w. maximum demand and mean 
of 70 k.w. over 10 hours per day : 255,000 units per 
annum at 3734. ... M 422 jus iol ... £400 
Fixed charges... o" — T ies yes ·.. 565 


Average price per unit, ‘gd. 


Typical short-hour consumer using roo k.w. maximum 
demand, and using that тоо k.w. one hour per day : 


36,500 units at *373d.  ... — ae, sis uc 257 
Fixed Charges i m ie TH ids .. 565 


£622 
Average price of 4'1d. per unit. 


TABLE II.—Induction Motor-Generator.—Power Factor, '9.—15,000 
Line Volts. 


Capital Cost. 


Sub-station plant  ... 7 "EY РР ies ... £7,250 
Buildings =... ees p з Js vid ius goo 
Copper in line s - m a sie . 1,210 
Insulation... : ds "s ~ w+. 14,000 
Laying and reinstatement.. - гуз з „= 5,873 

£29,233 


= £239 per kilowatt installed. = £39 per kilowatt maximum 
demand. 


Total Capital Cost per Kilowatt Maximum Demand. 


Generating station  ... а 448 - 225 S. £208 
Line and sub-station E - 2% s as 740 


Total dis © Же Е ae ds e. L598 


Annual Costs. 


Interest on capital at 3 per cent. on £598 ... .. £116 о 
Depreciation, 7 per cent. on generating station, £208 1 8 7 
Depreciation, 7 per cent. on sub-station, plant and 


buildings, £10'8  ... EY is о 14 7 
Depreciation, 5 per cent. on есере; I г per cent on 

ducts and manholes i -— $i ee o2 О 

So 1. 8 


Labour at sub-station = 5:61 per kilowatt maximum 
demand, proportion of distribution engineer's 
staff charges - Те Zi ет .. 015 О 


Total fixed charges ... sm пе .. 4516 2 
Vor. 81. 75 
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Of this amount £3 15s. 7d., or 67 per cent., is on mains and sub- 
station account. Over-all efficiency of system, 80} per cent. Allow an 
additional 1 per cent. for dielectric hysteresis, 79} per cent.—i.e., a unit 
costing ‘3d. at high-tension 'bus bars of gencrating station will cost 
"3874. at low-tension 'bus bars of sub-station. 


Consumer as before : 613,200 units at 3784.  ... ... £962 
Fixed charges, £5 16s. 2d. X тоо К.м. ... 5 .. 580 


£1,542 


613,200 = ‘61d. per unit. 


Average of 


Consumer using roo Клу. maximum demand and 70 k.w. 
то hours per дау: 3,650 X 70 = 255,500 X °378d.= £403 
Fixed charges... T ste i © ДЫ .. 580 


£983 


4983 


255,500 ~ шесо2а. per unit. 


Short-hour consumer, 100 k.w. maximum demand, 
and used it onc hour per s У 500 x gs = £57 10 o 
Fixed charges ... s .. 580 о о 


£637 10 о 
£637 тоз. _ 2а. 


36500 ^ 


TABLE III.—Rotatory Converter Sub-Station Equipment—15,000 Volts 


Sub-station plant, including statics — РР ... £6,062 


Buildings  ... "e к к Eu. ine sae 750 
Copper ds - Vis ve ssa m ... 1,000 
Insulation ... me у ae ... 13,000 
Laying and reinstatement;. dés m "T 805 75,073 

£26,685 


Cost per kilowatt maximum demand (750 k.w.), £35'5. 


Total Capital Cost per Kilowatt Maximum Demand. 


Generating station ... 54% 54% a Уу .. 4208 
Sub-station and mains — - Я e se. 3625 


£563 


TABLE IV.—Synchronous Motor-Generator—Threc 
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Annual Costs. 
Interest at 3 per cent. on 2563 said i: See ЖЕЗ 0 
Depreciation at 7 per cent. on £208... ‘et we 328% 
"S i £9'2 ... v о 12 8 
M 35:5 » feeders and 1 per cont 
on ducts, etc. Т кз 555 -— se dE a 
4 15 4 
Labour at sub-station and о Е 
charges as before ... э» .. 015 О 
£5 10 4 
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Of this amount £3 10s., or 63 per cent., is on mains and sub-station 


Consumer as before : 613,200 units at "3434.  ... .. £876 
Fixed charges, £5 105. 4d. X 100 ... ЖА bes we 550 
£1,426 
£1,426 
cio 558d. per unit. 


Consumer 100 k.w., maximum demand 70 k.w., 10 hours 


per day : 3,650 x 70 = ле x be 5% e. £366 
Fixed charges... ы 305 ... 550 
6916 

Average price, "8524. 
Short-hour consumer, 36,500 X "3434. = 452 5 о 
Fixed charges ... is Qd. des pes = 550 0 O 
$602 S о 


Average price, 3:95d. per unit. 


Volts (one cable spare). 


Sub-station equipment =... ix © к e. £7,250 


Buildings _... wee es 45% ER н К goo 
Copper ss sti sin ave nas TT ЕУ 750 
Insulation... x 55% -— iss ... 16,500 
Laying and reinstatement 464 5% ie .. 6,460 

£31,860 


account. Over-all efficiency = 88 per cent. (89 — 1 per cent. for dielectric 
1055). А unit at generating station costing 734. will cost “3434. at low- 
tension terminals in sub-station. 


Cables, 15.000 Line 


Cost per kilowatt installed, #25'4 ; ditto maximum demand, 44223. 


1 А draw-in system in cast-iron pipes has іп all cases been assumed. 
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Total Capital Cost per Kilowatt Maximum Demand. 


Generating station ... 3d i iid ws .. £208 
Sub-station and mains a ids ak саб e. 427 
£631 
Annual Charges. 

Interest at 3 per cent. оп 46371 ii ies m £1 17 10 
Depreciation at 7 per cent. оп £208 a ox I 8° 7 
à 7 3 £108... ess .. 014 7 

ла 5 5 fecdersand 1 per cent. 
on ducts, etc. 54% кез s ken ive. CP 24: 3 
S 5c 
Labour at sub-station and distribution charges ... 015 o 
£6 o 3 


Of this sum, £4, or 66 per cent., is on mains and sub-station account. 
Over-all efficiency of mains and machinery remains as Table I., except 
that the line efficiency is somewhat higher, due to a slightly larger 
copper section having been taken, a cable exactly half the section of 
the size in Table I. not being a maker’s size. The slight gain due to 
this has been neglected. On the other hand, the losses due to dielectric 
hysteresis have been more than doubled, as the condenser action of a 
cable is, inter alia, proportional to the area of conductor exposed to 
the insulation. This has been more than doubled. Hence, if we put 
2% per cent. to this we shall be safe. This amount would not be 
exceeded, as, although the loss may mean more than double that in 
Table I. it is unlikely that both cables would be used in parallel 
through the whole 24 hours. Over-all efficiency, therefore, will be 79 
per cent, making a unit at ‘3d. in generating station cost "3826. at 
low-tension terminals. 


Consumer using 70 k.w. for 24 hours, 160 Клу. maximum 
demand: 613,200 at "3824. ... vis ss ... £972 
Standing charges, тоо К.м. x £6 os. 4d. ... .. боо 


UNE £1,572 
Average cost of ‘62d. per unit. 


Consumer using 70 k.w. for о hours, with 100 k.w. 


maximum demand: 255,500 units ... гак e. £408 
Fixed charges... 


Average price, ‘94d. per unit. 
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100 k.w. Maximum Demand used One Hour per Day. 
Energy cost, 36,500 units at ые "m 79 .. £58 
Fixed charges... Si — ju ... боо 


£058 
Average price, 4:324. per unit. 


TABLE V.—Six-Phase Rotatory Converter—15,000 Volts, fed through 
Bare Overhead Wires; Six Line Wires. 


Capital Costs. 

Sub-station plant ... T eis — m ... £5,505 
Buildings  ... S 750 

Cost of 1o miles overhead line with six No. IO copper 
wires (two separate circuits), including erection... 23,438 
£9,693 

Cost per kilowatt installed, £7°72 ; ditto maximum demand, £12°8. 

Generating station ... ve adie Sas sis .. £208 
Sub-station and mains sis fas — sisi .. 128 
Total ... E iex ias © uds e. £33°6 


Annual Costs per Kilowatt of Maximum Demand. 


Interest at 3 per cent. on total capital per kilowatt... £1 0 o 
Depreciation, 7 per cent. on generating station, £208 1 8 7 
Depreciation, 7 per cent. on sub-station and build- 


ings, 5925 ... A b e) 011 9 
Depreciation, 3 рег cent. оп fine = = ke 58 sie iac О 52.20 
, 3 9 

Labour at sub-station and distribution charges — ... o 15 o 
£3 18 10 


Of this sum, £t 2s., or about 3096, is on mains and sub-station 
account. Over-all efficiency, 89 per cent. 


Consumer taking 613,200 units per annum at ‘338d. ... £865 
Fixed charges, 3'9 х тоо  ... ut ave ae .. 2790 


Average price per unit, "494. 


Consumer taking 70 k.w., mean load 1o hours per day : 


255,500 units at 338d. je id (i b .. £360 
Fixed charges ... ave vis е sis без ... 390 
£750 


Average price of ‘7d. per unit. 
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Short-hour consumer :· 36,500 units at 338d. .. £51 8 o 
Fixed charges ... du ids es ET . 390 0 о 


Total... vs -— “2 з .. £441 8 o 


Average price, 2'9д. per unit. 


Summarising Tables I. to V., we have price of one unit delivered at 
low-tension 'bus bars for various classes of consumers, synchronous 
motor-generator, 15,000 line volts, and two three-core feeder cables.' 


Table I.—(1) Consumer whose mean load is 7o per cent. of his 
maximum demand, and takes his mean load over 24 hours, can have 
his supply delivered to the low-tension 'bus bars for an average price of 
'59d. per unit ; (2) consumer who takes same demand and mean as 
above, but for то hours per day, ‘gd. per unit; (3) ditto, but takes his 
maximum demand for one hour per day, 4'1d. per unit. 


Table II.: Induction Motor-Generator.—Consumer Class 1, ‘61d. per 
unit ; Class 2, 7924. per unit. ; Class 3, 4:24. per unit. 


Table ПІ. : Rotatory Converter.—Consumer Class 1, '558д. per unit ; 
Class 2, ‘852d. per unit; Class 3, 2954. per unit. 


* Table IV.: Synchronous Molor-Generalor, Three Line Cables.—Con- 
sumer Class 1, ‘62d. per unit; Class 2, 948. per unit; Class 3, 4:324. 
per unit. 


Table V. + Six-Phase Rotatory Converter, Six Line Wires (Bare Copper). 
Consumer Class 1, *49d. per unit; Class 2, "74. per unit; Class 3, 294. 
per unit. 


These figures give some idea of the commercial possibilities of dis- 
tribution with various cquipments in the sub-station and different 
lines. The predominant influence of the line is apparent in every case, 
and shows that the problem of economical power distribution is to a 
large extent a question of cables. The advantages to be derived from 
the use of a bare copper overhead line arc so great, even when a pretty 
expensive line construction is adopted, that nothing but the verv 
strongest reasons against their adoption should prevent the Board ot 
Trade from permitting their use under more liberal conditions than at 
present. It is remarkable that the maximum price per unit which any 
supply authority may charge is fixed, while, on the other hand, restric- 
tions are placed on the business from a commercial and engineering 
standpoint which make the cost of delivering a unit at a place distant 
from the gencrating station so great as to make the supply of short- 
hour consumers unprofitable. No legislative authority is justified in 


! Instead of two cables, each having a capacity of 1,000 k.w., three of 
500 k.w. carrying capacity may be used, as in Table IV., giving one cable 
spare, and although this would be an economical plan where copper pre- 
dominated over insulation, costing approximately £750, as against £1,000 by 
the other method, yet insulation costs £16,500, against £13,000 by the lines 
having two cables. An interesting result showing that the largest cables are 
"enerally the most economical. 
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making the long-hour consumer pay for the short-hour consumer, nor 
is it justified, even to the very slightest degree, in imposing conditions 
upon a business which renders trading commercially unsound ; yet it 
is apparent that such would be the case if a low-tension network were 
tacked on to the sub-station under the conditions in Table IV. The 
capital charges, distribution, and other costs would make it difficult to 
deliver a unit to any short-hour consumer at much less than 6d., 
even, as is assumed, that the energy is generated at a station where 
every possible opportunity is taken to secure economical generation ; 
and, as will have been noted, the transmission efficiency is taken at very 
favourable figures. 

À feature of some interest is the small difference between a rotatory 
converter and synchronous motor-generator equipment (Tables I. and 
III.. These come very close to each other in point of cost per unit 
delivered at the low-tension terminals. The total cost to the long-hour 
consumer differs by only 489, and the total capital investment by an 
equally small amount. Of course, the aggregate saving on the cost of 
the line and sub-station may appear fairly large, but each kilowatt of 
maximum demand only benefits to the extent of 745th of the total 
saving. Nevertheless, it is of importance to the supply authority, as 
the saving of £89 per annum on the long-hour consumer is over 15 per 
cent. additional revenue on the capital invested by the company in 
order to supply that consumer, or giving the consumer the benefit of the 
saving, it means that he saves annually a sum equal to the investment 
of an additional 4900 in his business. Taking everything into consid- 
eration, it is apparent that only the very strongest engineering reasons 
can justify the adoption of motor-generators in preference to rotatory 
converters. Such disadvantages as the latter may have are not at all 
serious, and do not, in the writer's opinion, justify their exclusion from 
a distribution system under ordinary conditions.' 

It will be observed that the diversity of consumers' demands on the 
sub-station has been left altogether out of account in the foregoing 
paper. While recognising the advantages of a load where the maximum 
demand of all consumers does not occur simultaneously, or nearly so, 
the writer is of opinion that too much may be made of this point. A 
manufacturing district is seldom a residential district, and a moment's 
reflection will show that the maximum demand of such a district will 
occur, in winter, between 4.30 and 5.30 p.m. While, of course, that 
hour does not represent the period of maximum intensity of production, 
in most manufacturing establishments, it, nevertheless, represents the 
maximum load, as, in addition to power, there isa large lighting load, 
due to works, drawing, and commercial offices. The writer has had 
many opportunities of observing this point, and he has yet to learn of 
exceptions. One large station supplying, through several sub-stations, 
residential and industrial districts would naturally derive some con- 


* Тһе motor-generators are all to one specification, and were built for the 
line pressure on the stator, which accounts for their pr ice being higher than 
figures generally quoted. The three-phase rotatory is based on a machine 
having the same temperature rise as the motor-generators, while the six-phase 
rotatory is approximate. 
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siderable advantage from such a diverse demand, as has already been 
noted, but, as will be seen from the figures given, it cannot seriously 
modify the price per unit, as in most cases the high-tension feeders and 
sub-station, to which must also be added a low-tension network, will 
exercise a great, if not predominant, influence upon the commercial 
results. 

Among other considerations, the question of depreciation in the 
high-tension cables, and the losses in their dielectric, are problems 
of considerable importance. Experience has fixed the depreciation 
in cables working at lower E.M.F.'s; but can we be certain that under 
the new conditions their life will be equally long? Not only so, but 
a much larger amount of money is spent on insulation, which has no 
scrap value ; hence I think the figure of 5 per cent. is, if anything, low. 
The fact that energy is absorbed by the dielectric proves that some 
work is being done upon the insulation. What really does happen? 
The insulation may be chemically stable under the influence of high 
E.M.F.'s, or it may not. It may be that the rapidly alternating 
polarisation of the dielectric will cause the formation of new organic 
compounds, rendering the insulation at no very distant date incapable 
of withstanding the stress due to the working pressure. Were this 
so, long-distance transmission by underground cables would prove a 
financial failure, and one of two alternatives would be forced upon 
us—viz., overhead wires or a multiplicity of small stations. American 
experience with overhead wires and high voltages proved that the 
insulators were the crux of the question, and are not we in this country 
likely to have a similar experience under more difficult conditions ? 
It may be urged that the question of dielectric hysteresis is dealt with 
in a rather arbitrary manner. This is intentional, as although it is not 
my wish to dogmatise on a question as yet far from being satisfactorily 
settled, it is necessary to take something for granted in order to give 
the paper definite shape. Тһе capacity of the "017 square inch cables 
has been taken at ‘125 microfarad per mile and the power factor '023. 
This gives rather less than 1 per cent. loss with the assumed load- 
factor. It should be noted that in Table III. 1 per cent. is allowed for 
the dielectric loss, which is, however, much too high, as 25 (КМ) would 
be the periodicity in the line as against 40 to So in the other cases. 

While collecting data for this paper, particularly with reference to 
the performance of the sub-station plant, I obtained some interesting 
figures on the cost of labour and repairs chiefly on systems employing 
converter sub-stations. In cight stations of which I had full par- 
ticulars, 43 to 65 per cent. of all the labour charges on the system 
(generation + distribution) represented labour costs in the sub-stations, 
four stations were between 50 and 55 per cent. Of the repairs, in few 
cases was more than 5 per cent. spent in the sub-stations, often less. 
Onc enginecr said his three sub-stations had been in operation eighteen 
months, and two had cost nothing in repairs. Of coursc, such data as 
are available have only been from stations of recent growth, and 
experience has been obtained chiefly with new plant, where the 
repairs arc generally small; nevertheless, the figures are interesting. 

Thc distribution of polyphase currents as such in the low-tension 
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network has not been touched upon in the paper, chiefly through lack 
of time ; nevertheless, the writer is of opinion that the present system 
of converting alternate to direct current is bound, in the natural process 
of evolution, to be superseded by the simpler method of transformation 
from high to low pressures without conversion. Nothing can justify 
the investment of money in apparatus which converts alternate to 
direct current merely to pander to popular fancy. Any one having 
experience of a system where polyphase motors and lights are supplied 
from the same generator cannot fail to be impressed with the steady 
light from the incandescent lamps, and if 300 H.P. can be distributed 
as motive power by means of polyphase motors, and nearly 200 H.P. 
for lights in a large works, with every satisfaction to the drawing officc 
—and that from one three-phase generator—there is no reason why, 
with a little more care than is exercised on a threc-wire network, poly- 
phase current for mixed light and power should not be distributed in a 
large town. Two outstanding advantages would be the elimination 
of a considerable proportion of the labour costs at the sub-station and 
a reduction of the capital invested therein. 

In conclusion, the writer has to express his thanks to the Westing- 
house Company, the British Insulated Wire Company, and numerous 
friends in this country and in America for information on various 
points. 


APPENDIX A. 


The annexed curves have been added since the main part of the 
paper was written. These show the relative cost of copper and insula- 
tion plotted for 300 k.w. and 600 k.w. transmitted ten miles with 1o per 
cent. line loss, It is apparent that the economic voltage is determined 
chiefly by the maximum power transmitted by any one cable. From 
the curves, it follows that if the maximum power transmitted by one 
cable be 300 k.w., 7,000 volts is more economical than the other voltages 
considered. With 600 k.w. 15,000 volts appears best. This latter figure 
does not, however, seem absolutely correct. From the diagram it 
appears that a very small increase in the cost of insulation would put 
the economic voltage back to 10,000. Оп consulting some very recent 
prices for high-tension cables by an English firm, I find that the quota- 
tion for cables at a voltage of 15,000 or 20,000 volts are higher than 
those used iu plotting the curves in Fig. 2, placing the economic 
voltage for 600 k.w. at 10,000 instead of 15,000, a more likcly figure, 
whilst 15,000 volts remains the most economical voltage for 1,000 k.w. 
Curiously enough, insulation becomes so costly that even at 3,000 k.w. 
per cable 20,000 volts would not be economical, so that unless with 
bare wires or excessively long distances, the latter is not at all probable 
in this country, and 15,000 volts is likely to remain the upper limit of 
good practice. 

A remark made some time ago by Mr. Ferranti occurs to the writer. 
It was to the effect that the voltage which was best at one stage of a 
company's development would not necessarily be most economical at a 
later stage. This is supported by the curves given in the paper, for if a 
company wished to transmit goo k.w. say ten miles by means of three 
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cables, each carrying 300 k.w., 7,000 volts would evidently be best. If, 
however, later developments necessitated the transmission of, say, 
2,000 k.w., and four cables were employed, each carrying 500 k.w., 
10,000 to 15,000 would be more economical than the original voltage. 
Bearing in mind the lines along which power distribution is likely to 
develop in this country, the choice of E.M.F.s between 5,000 and 
10,000 volts seems to be along safe lines, as the power transmitted per 
cable is more likely to be under 300 k.w. than over that amount. 


Thousand Volts. 


FIG. 5. 


APPENDIX B. 


List of some Electric Power Distribution Companies and the E.M.F. 
Employed, or to be Employed, in Transmission. 


Company. Voltage. 
Central Electric Supply Company, London kem T .. 6,000 
Clyde Valley Electric Power Company ... -— ёз .. 6,000 
Cleveland and Durham Power Company... - .. 6,000 
County of Durham Electric Power Distribution Conipany ... 10,000 
Derbyshire and Nottinghamshire Company -— ёз s -- 
Lancashire Electric Power Company _... vss sis vos — 
Midland Electric Power Corporation ios ... 7,000 
Newcastle-upon-Tyne Electric Supply Company (Wallsend). 5,000 
Shannon Water Power Company ... ae — 
South Wales Electric Power Distribution Company ss I 2,000 


Yorkshire Electric Power Company iss dus "is 6,000-8 ‚000 


Where the voltage has been omitted the writer has been unable to 
gain any information on the point, or the question has not been settled. 


' The Меме: istle-on-Tyne Company have Parliamentary powers to go to 
30,000 volts, but it is doubtful if such a voltage is economical except where 


Е pow er to be transmitted i is great and bare wires are employed on a private 
-of-way. 
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Discussion, February 3, 1902. 


Mr. A. W. HEAVISIDE said that the paper raised many interesting 
points, not the least of which was the enormous capital necessary for 
equipment outside the generating station; the large power schemes 
seemed to sink enormous sums in mains and sub-stations. He sug- 
gested that Mr. Stewart might give them the cost of the four stages in 
detail, viz., generating station, transmission line, sub-station, and, if 
possible,'also low-tension distribution—for the author had concluded 
his investigations at the low-tension busbars of the sub-station. This 
would enable them to take a bird's-eye view of electric power 
distribution. "The lecturer had brought home very forcibly to their 
minds the fact that overhead wires for transmission and no conversion, 
only transformation, was the true solution of the problem, the latter 
getting rid of all moving apparatus and consequent heavy labour costs 
in the sub-station, while as for overhead wires he was at a loss to 
discover any real reason why they should not be permitted. It had 
been shown that the pressure on the overhead trolley system in large cities 
could kill a man, and if overhead trolley wires, admittedly dangerous, 
were permitted in the streets of large cities, why prohibit high-tension 
overhead trunk lines for power? It mattered nothing to the man who 
was killed, whether he was killed with 500 or 5,000 volts, the result was 
the same; and in country districts there was not the slightest doubt 
that high pressures were less dangerous than trolley wires in our 
streets. The problem in construction lent itself to safety as compared 
with trolley wires, inasmuch as large-gauge, and hence strong, wires 
were needed, and Y-shaped supports were their own guards. Such 
high-tension wires hung undisturbed, whilst trolley wires were being 
knocked about, even violently, by the pole. Не had known 800 lb. to 
the mile copper wires defy storms and uphold the trees that the storm 
had blown upon them. Inductive troubles might be very great, but by 
no means insurmountable. 

Mr. R. S. DoBBIE thought the paper of great value at this stage, and 
was much impressed with the enormous sums necessary for insulation. 
He could not help thinking that were American work limited in the 
same manner as British, the great developments which had taken place 
in that country would never have been known. Mr. Stewart had very 
ably summed up the relative merits of various types of sub-station 
equipment. One point, however, he had overlooked was that, given all 
three types, similarly rated as regards temperature-rise, &c., the rotatory 
converter was capable of withstanding much more severe overloads 
than either synchronous or induction motors. "The latter would fall off 
in speed to a serious extent, and the former drop out of step with about 
25 per cent. overload, but the converter would stick to its work even 
under much more difficult conditions (75 per cent. to тоо per cent. 
overload). Тһе question of supplying consumers with polyphase 
instead of direct current was a question of no small importance. 
Supply authorities must afford the kind of current consumers wanted, 
and there was a distinct preference for direct current. The problem 
of satisfactory speed regulation with alternate-current motors had not 


Mr. 
Heaviside. 


Mr. Dobbic. 


Mr. Dobbie. 


Mr. Snell. 
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yet been solved, and as many industries required wide speed variation, 
he considered that all-round satisfactory service could only be given 
with direct current. From his American experience he felt quite sure 
the day had not yet arrived when the consumer would uncomplainingly 
accept polyphase current from a supply authority, especially if a 
direct-current system was available. Moreover, it was still a fact that 
polyphase alternate-current motors cost more than direct-current 
machines, which was another reason against them. An interesting 
point raised by the lecturer was the wave form of the apparatus. He 
quite agreed with Mr. Stewart on this point, although it was very 
generally overlooked. Many types of alternators did not give waves 
even approximating to a sine curve, and different makers' apparatus 
gave different wave forms, and the result was anything but satisfactory 
when several makers had supplied plant for one installation. Some time 
ago, when in the States, he (Mr. Dobbie) designed an alternator which he 
flattered himself gave a sine curve. He was interested, however, some 
little time ago to receive from a friend in London the description 
of an unusually good oscillograph which showed that there was a 
distinct step in the E.M.F. as each slot came within the magnetic ficld, 
even in a machine with a continuous-current winding, which was the 
case of the machine in question, where there were comparatively 
many slots per pole. 

Mr. J. F. C. SNELL (Chairman) said the author seemed to have made 
out an excellent case for the rotatory converter; his diagrams went fur- 
ther, however, and rather operated against long-distance electric power 
transmission. In England, apart from all other considerations, the enor- 
mous cost of duplicating a feeder—and that was a necessity—was so great 
that it must act as a deterrent to the development of long-distance trans- 
mission. He also noted that the line and sub-station cost nearly twice 
as much as the generating station electrical plant. Mr. Snell then 
proceeded to point out that in central station work the curve of total 
costs was hyperbolic in its nature, and after a certain critical point had 
been passed, capital charges became almost a fixed figure. Opinions 
differed as to where the critical point was : from calculations he had 
made he thought that in the region of five million units per annum 
would be found the critical point. Mr. Snell questioned if it were 
possible to generate at o'3d. per unit. Taking the lowest costs he could 
think of, it seemed almost impossible to generate at that бриге! Rates 
and taxes in most towns swamped the figure with a charge of about 
1d. per unit. The author had concluded his investigations at the low- 
tension busbars, hence the figures given did not represent cost to the 
consumer. It must be borne in mind that that would add about 
another third to the figures given—in fact it did not seem possible, even 
on the most advantageous terms, to supply a consumer at less than 
144. average per unit. After referring to the influence of insulation on 
the cost of cables, Mr. Snell pointed out how interesting it was to note 
the critical limit to the pressure, and asked what was the critical 
limit to the pressure when bare wires were used. Referring to the life 


! The figure оза. refers to works costs only. 
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of extra high-tension cables, they knew that both rubber and paper 
suffer from molecular strain, and he thought that the dielectrics of these 
high-tension cables would age much more rapidly than had been 
expected. Rubber, for instance, aged rapidly under high alternating 
Е.М.Е.5; paper might do so more slowly, but it could not be doubted 
that it suffered in the same way. He suggested that some attention 
might be given to the question, and one might formulate a law for 
molecular fatigue in a dielectric, as was done for iron and steel. He 
did not agree with Mr. Stewart's figure of 38 per cent for a load factor 
except in most unusual cases. In Sunderland they had 800 H.P. to goo 
H.P. of motors, giving a load factor of 18 per cent. lighting at 11 per 
cent. ; the tramways gave a load factor of 35 per cent., but the whole 
load factor was only 15 per cent. Taking any large power scheme, 
they could only expect a good load factor due to diversity, and 
not to steady demand from consumers. His own opinion was 
that power schemes could not expect over 25 per cent. all round. 
He believed that one station in connection with a power company 
obtained a load factor of over 40 per cent., but that, Mr. Snell thought, 
would certainly come down, as the area of supply was extended to 
include lighting and general consumers ; this was, in his opinion, the 
weak spot of all power schemes. Тһе mere fact that at the moment а 
station supplying works, &c., close at hand had a good load factor did 
not prove anything ; he was quite sure that such schemes could not 
compete with well-managed stations of moderatesize. Sunderland, for 
instance, had been left entirely out of account by one of the power 
companies, as it was admitted that they could not compete with the 
town supply. The paper was, he thought, most interesting at this 
stage, and shed new light on a subject regarding which little was 
known. He had great pleasure in calling upon Mr. Stewart to reply. 

Mr. A. STEWART, in reply, said he was exceedingly pleased to have 
such interesting, though, as might be expected, not altogether favour- 
able expressions of opinion on the two important details of power 
distribution, viz., the line and sub-station. That opinion should differ 
is only to be expected, and he would have been delighted to hear the 
views of many engaged in the design and construction of such schemes. 
In reply to Mr. Heaviside, the cost per k.w. installed of the scheme 
outlined in Table 1 was as follows : Generating station 425, line £15°7 
sub-station 465 while per k.w., maximum demand, which is the 
figure determining the commercial success of the system, the generating 
station becomes £20°8, line 4262, and sub-station £10'7, and the 
losses at full load аге as follows—in line 5 per cent., in sub-station 14:6 
рег cent., giving an over-all efficiency— 


Power delivered at low-tension bus-bars of sub-station x 1oo 


Power given to line at generating station. | — = 7 812 per cent. 


This was if anything rather better than would be found in practice, a 
remark applicable to the results right through the paper due to the 
conditions assumed being practically non-existent in any station. The 
results in their relation to each other were, however, accurate, and this 
is what was aimed at, in order to bring out the relative commercial 


Mr. Snell. | 


Mr. Stewart 


Mr. Stewart. 
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advantages of each type of apparatus as near to practical conditions as 
could be calculated. 

He quite agreed with the various speakers that overhead wires are 
an economic necessity. Legislation against them is merely indirectly 
taxing the progress of the industry.' He did not agree with Mr. Dobbie 
on the necessity for direct current on the low-tension side of the 
system, especially in small towns where the motor load is unimportant. 
The price of polyphase motors is not of serious importance, and would 
hardly be noticed by consumers, while as the Tesla patents expire soon 
the price of such motors will fall probably to the level of direct-current 
machinery due to stress of competition. The other objections to 
polyphase distribution were not at all serious, as those doing such 
work on the Continent could testify, while the three-phase factory 
installations in this country, combining lighting with power, also 
afforded examples (with some exceptions however) of satisfactory роіу- 
phase distribution for mixed power and lighting. It might be said with 
much truth that the power factor of public opinion on this point was 
low; in other words, the apparent objections were largely in excess of 
the real objections. In reply to Mr. Snell, he did not start out with 
any bias in favour of converters, but rather for synchronous motor 
generators. It cannot be questioned, however, that in most cases, if 
engineering considerations permit, converters will prove superior to 
anything else, that is, if one must convert to direct current at all. Mr. 
Snell's opinion on the difficult problem of one station versus several, 
was of considerable value, representing the product of years of observa- 
tion. Onc remarkable instance was Glasgow, where after considering 
this point Mr. Chamen proceeded to build two new stations, making 
four altogether owned by Glasgow Corporation, within the city for 
electric light and power purposes, while for tramway purposes one 
large polyphase generating station supplied the necessary power to 
sub-stations. The difference in operating conditions makes com- 
parison difficult, indeed altogether impossible, but in all probability 
this diversity of operating conditions gives the reason for the 
dissimilarity in practice. The cost of a unit given in the paper as 
'3d. referred to works costs only, rates, taxes, &c., being left out of 
account altogether. A works cost of ‘3d. per unit is not at all difficult 
to obtain on a load factor of over 30 per cent. with well-proportioned 
units. Mr. Snell's opinion that the low-tension network exercises verv 
great influence on thc costs is, I am sure, quite right, but it must not be 
forgotten that with good load factors, the low-tension side was earning 
money over a much longer period, hence the incidence of capital 
charges on costs per unit are not so great. The load factor which I 
have chosen refers to a particular sub-station and nol to the whole 
system. It was, moreover, quite a reasonable one, and for a sub-station 
supplying some kinds of industrial works might even be higher, for 
instance, shipbuilding and engineering works running a double shift 
give load factors varying from 35 to 56 per cent., depending upon the 
size of the night shift. Hence were the area supplied by a sub-station to 


* Since the paper was read and discussed the B.O.T. have announced that 
they will, under certain conditions, permit overhead wires.—A. S. 
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include power supply to such works, the load factor would be consider- 
ably over the figure taken. 

The question regarding the fatigue of a dielectric was very impor- 
tant, and a law governing it would be of some value, unlike iron and 
steel. However, most dielectrics had a rather complex chemical com- 
position, and with age there also comes a chemical charge which might 
altogether alter its physical properties. The mere fact that work is 
done on the insulation proves that some change takes place. He had 
discussed it with many of his friends, both cable-makers and chemists, 
and the chief point of disagreement was whether the change was 
molecular fatigue or chemical change. He felt sure that it was the 
latter, but many say it is molecular fatigue due to the repeated reversal 
of stress on the insulation. In the absence of data on this point the 
discussion upon it might rise to the level of a purely academic discus- 
sion ; experimental data should not be long in coming forward, as even 
if overhead wires should in many cases supersede underground cables, 
there is still sufficient at stake to justify an investigation of the chemical 
and physical properties of various insulators under rapidly alternating 
high E.M.F's. 


Mr. Stewart. 
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The fact that no coalfields of any great importance exist in Ireland, 
and that in consequence fuel for the operation of steam or gas engines 
has to be imported at considerable cost, causes attention to be directed 
to the other possible means of obtaining motive-power. 

The utilisation of the water-power of the rivers naturally suggests 
itself first owing to the great success which has attended the large 
electrical water-power schemes which have been carried out during the 
last few years both in America and on the Continent. 

The existence of water-power in Ireland has already exerted an 
important influence on the electrical industry, as undoubtedly the chief 
inducement to the construction of the Portrush and Giant’s Causeway 
Railway, the first commercial electric line, was the possibility of 
obtaining the necessary motive-power from the Waterfall at Bushmills ; 
and it is probable that the Bessbrook and Newry Railway which was 
built very shortly after similarly owed its origin to the cxistence of the 
stream which provides the necessary power. It can, moreover, scarcely 
be doubted that many of the smaller electric light undertakings 
throughout the country, as for example at Galway, Killarney, Kenmare, 
Carlow, Bray, and Boyle, would never have been set on foot had it not 
been that water-power was available, and indeed to a certain extent 
already developed in the majority of these instances. Owing to the 
preponderance which electric lighting has had until quite recently over 
the other branches of electrical industry the importance of water-power 
for producing electrical energy has been greatly underestimated. 

The demand on electric light stations being onlv for a few hours 
per day, the cost of fuel for working heat-engines may be a much less 
important factor than the interest on capital sunk in the development 
of water-power, together with the stand-by plant which it is often 
necessary to provide in case of failure of the water-power owing to 
floods or drought. When, however, it is a question of the operation 
of railways or the driving of factories which require power nearly all 
through the day, and more especially when it is desired to supply 
electro-chemical works which run twenty-four hours a day all through 
the year, the advantage of water-power, when the necessary capital out- 
lay is not abnormally great, becomes very conspicuous. This argument 
is borne out by the fact that on the Continent out of a total of 
166,000 H.P. expended on electro-chemical work, 149,000 is obtained 
from water-power. The amount of labour required for the operation 
of a water-power plant should also; be much less than for a steam ог 
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gas plant of the same dimensions, and a less skilled type of labour will 
for the most part suffice, such as is required for the moving of sluices 
and the cleaning of straining racks. 

Although at the present time the electro-chemical industry as a 
whole cannot be said to be in a very prosperous condition owing to the 
over-production of calcium carbide, yet there can be no doubt that 
electro-chemical processes will within a few years supplant many of 
the older methods of producing chemical products, as has already 
happened in the production of aluminium and potassium chlorate, and 
in the purification of copper, and to a partial extent in the manufacture 
of phosphorus, caustic soda and bleaching powder ; not to mention the 
large group of products which are only capable of being formed at thc 
high temperature attained in the electric furnace, and in the manu- 
facture of which there is no competition with an alternative method. 

The water-power of our rivers when properly developed and con- 
trolled will place Ireland in a position to compete in many of the 
chemical industries from which she was hitherto debarred owing to the 
large quantities of coal required for working the older processes. It is 
encouraging in this connection to reflect that we have already a 
chemical factory in Cork which produces high-grade chemicals of 
great purity and even exports some of these products to Germany, as 
showing that the technical ability to carry out manufacturing work of 
this class can be found amongst our countrymen. 

As regards the capital which it is permissible to expend on 
hydraulic works per H.P. developed, this depends on a large number of 
factors, such as the local cost of fuel and the fuel consumption of thc 
class of heatengine which could be used as a substitute, also on the 
load-factor of the demand for power and on the reduction which the 
water-power might be subject to either from drought or from back 
water, so that each case must be considered on its own merits. The 
highest capital expenditure on the development of water-power appears 
to have been at Lyons, where it amounted to £84 per H.P. developed, 
and it is said to have been as low as £3 9s. 3d. at Vallorbe in Switzer- 
land, and even lower in Norway, so that an extremely wide range has 
been covered ; nevertheless for the operation of electro-chemical pro- 
cesses requiring, as they mostly do, a large number of units per ton of 
product an expenditure at all approaching that at Lyons would be quite 
out of the question. At Niagara, where the capital expenditure was 
fairly moderate, a horse-power is supplied to large users at the rate of 
£4 per annum, yielding a profit to those producing the electric energy ; 
and electro-chemical industries are successfully carried on which buy 
their electric energy at this price, which amounts to 0:146 pence per unit 
if the supply is used continuously. 

In considering this question it is important to notice that the capital 
expended on the development of a water-power in this country would 
be distributed chiefly among the labouring classes, giving employment 
which would help to retain and ameliorate the condition of the 
dwindling population, whereas an annual outlay on fuel is money sent 
directly out of the island. 

It is necessary at this stage to endeavour to take stock of the water- 

Vor. 81. 16. 
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power which can commercially be made available in Ireland cither 
directly or by the aid of electrical transmission. The water-power of a 
country is dependent on the rainfall, the area of the surface, and its 
mean elevation above the sea level, and also on the nature of the soil. 
The rainfall varies considerably over Ireland, being greatest in the 
south-west and least on the east coast. It averages in Dublin about 
30'9 inches, in Belfast 35 inches, Cork 40 inches, Sligo 42 inches, 
Killarney 55 inches. In mountainous districts it reaches higher figures, 
such as 83 inches in the Butter mountains at the head of the Upper 
Bann, and it has been taken roughly to average 36 inches over the 
whole island ; of this about one-third or 12 inches is carried down to 
the sea by the river system. Sir Robert Kane estimated the average 
elevation of the land surface of Ireland at 387 feet, and calculated from 
that, together with the total area twenty million acres, and the assump- 
tion that one-third of the rain flowed away to the sea, the total physical 
water-power of Ireland at 1} million horse-power. 

It is difücult to gain any idea of what proportion of this quantity 
could be practically utilised, but a rough idea may be obtained if the 
actual condition of some of the larger rivers is examined, so as to dis- 
cover what proportion the total fall which could be made available for 
working turbines on these rivers bears to the mean elevation of their 
catchment areas or to the mean elevation of the whole surface in 
absence of the above figure. The Shannon and the Erne may be taken 
as examples. Both these rivers flow many miles with a sluggish 
current and descend rapidly into the sea within a few miles ; the 
Shannon descending 97 feet between Killaloe and Limerick, and the 
Erne 150 feet in five miles between ВеПеек and Ballyshannon. It is 
obvious that a large part of such fairly rapid falls is capable of develop- 
ment. 

In the case of the Shannon it is proposed to use 40 out of the above 
97 feet under the new Shannon water-powcr scheme, and it is possible 
that a further quantity of power might be developed at other parts of 
the river above Limerick. In the case of the Erne it is certain that at 
least 60 to 70 feet of fall could be utilised between Lough Erne and the 
sea. These facts would lead one to expect that, taking into considera- 
tion the falls available on the upper part of these rivers and their 
tributaries, a fourth part of the total mean fall could by suitable 
enginecring works be made available. Admitting this, there would be 
an average of 300,000 H.P. available day and night all the year provided 
the whole discharge of the rivers could be economised. 

The above figure would require to be greatly reduced owing to the 
fact that large quantities of storm water necessarily pass away unutilised, 
and it is doubtful if more than half of the total discharge of the rivers 
could be utilised unless special provision is made for the storage of 
storm water and the discharge of the latter during periods when the 
flow of the rivers is below its average value. In his paper on automatic 
sluices, Vol. XIX. Proceedings of Civil Engineers, Ireland, Mr. Dillon 
gives 0:488 cubic feet per acre per minute as the ordinary flood discharge 
in February of one of the rivers draining the central part of the island, 
and o'o8 cubic feet per acre per minute as the minimum discharge in 
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September—these figures show the very wide range over which the dis- 
charge of the rivers varies, the ordinary maximum being more than six 
times the minimum flow, apart from the question of extraordinary 
floods which occur about once in ten years. 

The quantity of water-power actually in use in Ireland in 1839 was 
2,147 H.P., and to judge by the number of abandoned corn-mills to be 
seen throughout the country it is probably not enormously greater 
to-day. There would appear to be about 800 H.P. of water-power in 
usc at present for public electric lighting purposes. There is therefore 
a great field still open for engineers and capitalists in regard to the 
development of our resources in this direction. 

The practical question must now be faced as to how and where this 
power is to be made commercially useful. 

There are several places such as Galway, Ballyshannon, and Bally- 
sadare where the fall to be used is into the sea itself, апа where the site 
is suitable for building factories such as electro-chemical works. Other 
falls, such as those on the Shannon near Limerick and at the weirs on 
this river at Athlone and elsewhere, have the advantage of being situated 
on an extensive inland navigation in communication with the sea. A 
large number of places where power is available are not, however, so 
favourably situated, and it would be necessary to construct trans- 
mission lines to carry the power to the nearest town or to points on 
the railways or canals which were suitable for the establishment of 
factories. 

When transmission lines of any great length have to be constructed, 
their first cost, maintenance, and difficulties as to way-leaves may often 
prove so serious that it would not be worth while to construct them 
unless a considerable amount of power was to be transmitted. These 
considerations seem adverse to the utilisation of many of our smaller 
rivers which do not yield more than, say, 50 H.P. at any point when 
the river is at average height. Very constantly, however, we find two 
or more natural falls or rapids in the same locality. In other places 
the rivers have been systematically laid out with weirs every half- 
mile or so, giving a fall of from 5 to Іо feet at each, by means of which 
corn-mills were formerly worked. In such cases it is quite feasible to 
gather up the power from the differcnt points by means of a line run- 
ning along the river bank, and then to transmit the sum total to a 
considerable distance if necessary. 

This collecting system is just the converse of the ordinary system 
of distributing power from a central station ; and having regard to the 
large scale on which the most successful modern factories of almost 
any kind are worked, and also to the large quantity of power required 
for electric furnace work, it is probable that much of our water-power 
will have to be dealt with in the above manner if it is to be used with 
the best advantage ; and the same arguments would apply if it should 
ever prove economical to operate the railways of the country by means 
of electricity. 

Great simplicity in the generating plant would be essential to the 
success of the above system, as specially skilled men could not be 
employed at a number of small generating stations, and it has suggested 
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itself to the author that this difficulty could best be overcome, in the 
case of transmission by three-phase alternating current, by using an 
ordinary three-phase generator in the more important power-house, 
and having three-phase non-synchronous motors driven as generators 
in the smaller outlying generating stations. This would reduce the 
complication of these small stations, as there would be no exciters with 
brushes and commutators, and no accurate synchronising when 
starting up, the attendance being reduced to the lubrication of bearings, 
and the moving of the sluices and cleaning of straining racks. Some 
trouble would probably arise owing to sudden variations in the load, 
but this might bc arranged for by means of artificial loads at the main 
power-house ; and gradual alterations could be provided for by 
telephoning instructions to the attendants in charge of the auxiliary 
generators. As examples of places where some such a system of con- 
centrating power would be suitable, one might point out the two 
adjacent falls on the Liffey at Poulaphuca and Ballymore-Eustace, the 
two falls at Colloney and at Ballysadare near Sligo, and the system of 
weirs on the Nore near Kilkenny. 

The simplest application of such a system presents itself wherc a 
large factory on the banks of a river, deriving part of its power from 
water and the rest from steam, might gather in power from other 
points either up or down stream, and thus be able to dispense with the 
auxiliary steam-power. Unfortunately there are in this country many 
more derelict mills than working ones, and cases where the above 
arrangement could be carried out are not infrequent. The tail races of 
these old mills are, however, as a rule, miserably small and shallow, 
and being as а rule carried bencath the building itself, it is both costly 
and dangerous to enlarge and deepen them. It will be found that this 
is the one circumstance which greatly reduces the value of these old 
mills for power purposes. 

As regards transmission lines, overhead wires of bare copper run on 
insulators would appear to be the right thing except in the immediate 
vicinity of towns, particularly as many of the lines would require to be 
made across country over bogs and streams where a cable would be out 
of question. 

It would appear that under thc existing rules of the Board of Trade 
an overhead line carrying more than 30 kilowatts cannot be made 
without special sauction, and should this be so it shows that rules which 
are found suitable in a thickly populated country such as England are 
very unsuitable here. It would in any case appear to any one reading 
the rules and regulations affecting the development and transmission 
of electric power in Great Britain that these are much more numerous 
and stringent than those affecting other enterprises which really 
involve greater risk to the community, such, for example, as the con- 
struction of water works and gas works, and the carriage and storage 
of large quantities of coal and timber; and a person having no 
technical knowledge of the subject would naturally think, after reading 
these regulations, that the supply and use of electricity was a most 
dangerous business which, if it could not altogether be prevented by 
law, should at least be discouraged as much as possible. 
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Turning now to make a detailed cxamination of the system of 
rivers and lakes which drain the country, I would like at this point to 
remark that there appears to be a great need of a proper survey of our 
rivers, including both the measurement of falls at various parts of their 
courses, and also the keeping of records of the water levels and dis- 
charges at all seasons, together with measurements of the rainfall over 
the catchments. Such information would not only be useful for the 
utilisation of the water-power, but also for determining the nature and 
extent of drainage works on which large sums are spent in this country 
from time to time. Asan example, I may mention that the engineers 
who carried out the Erne drainage at a cost of £120,000 were greatly 
indebted to Mr. Porter, of Belleisle, Co. Fermanagh, who had kept 
daily records of the level of Lough Erne for many years. 

It is possible that the local constabulary might be employed at a 
small expense to keep such records, provided that proper scales were 
fixed in the rivers for reading the water levels from which the discharge 
might be computed by an expert, and each barrack might also be pro- 
vided with its own rain-gauge. The information thus gained should 
be published from time to time in a form convenient for reference. At 
present there does not seem to be any published work on the subject 
of later date than Sir Robert Kane’s book on the Industrial Resources 
of Ireland, published in 1845. The collection and publication of such 
information might well be taken in hand by our new Department of 
Agriculture and Technical Instruction, which is devoting so much 
attention to the re-establishment of local industries. 

The following list of our chief rivers, giving the.area of their catch- 
ments, is taken for the most part from Sir Robert Kane’s book :— 


RIVER. AREA OF CATCHMENT. 

The Shannon ... ... ... ... ... ... ... Total 4,500 square miles. 

» above Killaloe... ... ... ... „ 3600 » 
The Barrow, Nore, and Suir... ... ... ... » 53,400 А 
THe INC шы NC — » 1,580 " 
The Коен чаш ies м за cu Айы ы » 1,470 » 
The Corrib EU ұйы Сым» пара. See. ee ыр » 1,370 » 
The Blackwater ... ... 0... 0... .. ... » 1,220 » 
The Moy... ... is. Gus, REP ШЫ, Bes » 1,030 = 
Blackwater aüd Boyne iu Mir. Mer ғы Lund » 1,080 5 
The Slaney Ge uiu Gee ЫР OMA суры: NÉ P 815 5 
The Lee ... ... ЕТТ » 735 f 
The Blackwater (Armagh) КЕӨ - 626 " 
Liffey, Dodder, and Tolka ... ... ... .. » 570 к 
The Main ... ... ... Vac. ewe Cou eek - 277 EN 
Ballysadare River ... ... .. .. .. .. " 250 ы 
Ballinderry „у. ч эе Г.Г. ж. шз P 166 M 
Upper Bann , ses see e e e 5 134 i 


Assuming that twelve inches of rain flows away annually through 
the rivers, it will be found that the drainage of 13°7 square miles will 
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give an average brake horse-power per foot of fall assuming that the 
turbine has an efficiency of 75 per cent. 

The above efficiency is chosen both because it is well within the 
results obtainable with good turbines, and in larger installations with 
considerable fall it should cover the loss of conversion into electrical 
horse-power, and also because it corresponds with the simple and 
useful formula, that an acre flooded one foot deep can give one horse- 
power hour per foot of fall. 

A calculation on these lines would make the average flow of the 
Shannon at Killaloe equivalent to 260 H P. per foot of fall. 

It is important to note that the majority of our rivers have lakes of 
considerable size connected to them. (See table appended.) These not 


TABLE GIVING LEVELS AND AREAS OF PRINCIPAL LAKES, AND RIVERS 
THROUGH WHICH THEY DISCHARGE. 


River. Lake. 


Allen ... 


! 


i 


Shannon | Ree .. .. .. | 
Бег: ы, a 4 | 
Lough Gowna ... | 
»  Oughter... i 
PIDE is Erne (Upper) ... | 
» (Lower 
Lower Bann weal Neapghlus. qe wee “ses | 
Moy ... .. ...| Con and Cullin... ... 
Mask and Carra 
Corrib... i L. Corrib ... | 
| Owel ... | 
А Ennell... | 
Mr ades or - | Sheelin | 
i || Derravaragh 
. (| Iron | 
Blackwater ... ... Катог... 
| 


only aid naturally in equalising the flow of the rivers and reducing the 
violence of floods, but they are also capable of being used in many 
cases as storage reservoirs in which storm water can be impounded, and 
discharged when the natural flow of the rivers is insufficient for power 
purposes. The greater the elevation of the lake, the greater its value in 
this respect. It has often been proposed by means of such natural or 
artificial reservoirs to store up the winter and midsummer floods and 
hold them over against the very low water which occurs in the rivers 
at certain seasons, generally in September, and thus to increase the 
minimum flow of the river. 

This method of using reservoirs is based on the idea that the power 
of the turbines is to be limited to the minimum flow, which is a very 
wasteful arrangement, as during the greater part of the year much 
water will pass away unused. A better plan is to make the turbines 
sufficiently large to absorb at least the average flow, and to provide 
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auxiliary steam, gas, or oil power if it is necessary to work at full power 
during dry seasons. Using the latter plan the storage reservoir should 
be drawn upon whenever the natural flow fell below the average, and 
this would permit of а much greater amount of storm water being caught 
and subsequently used with a reservoir of moderate size, as the latter 
would be partially filled and emptied many times in the year, and 
would be generally in a condition to impound water and reduce 
floods, which are nearly as objectionable to the mill owner as to the 
agriculturist. ; 

Artificial reservoirs for power purposes have been constructed on 
the upper Bann, which rises in the Mourne Mountains at an elevation 
of over 2,000 ft., and in its descent to Lough Neagh drives numcrous 
linen and flax mills. The Lough Island reservoir, at an elevation of 
430 ft., was constructed in 1839 on the site of a natural lake over which 
a head of 35 ft. of water was raised by an embankment to form a reser- 
voir covering 259 acres and of a capacity of 270,000,000 cubic feet. The 
Corbett reservoir, further down on the same river, was constructed 
in 1847, whereby a head of 11 ft. 3 in. was raised over an area of 
70 acres. 

These works, an interesting account of which may be found in a 
paper by Mr. Smyth in the Transactions of the Institute of Civil 
Engincers of Ireland, June 13, 1869, cost about £30,000, and a rate 
of £10 per foot of fall was levied on the owners of linen mills and £5 
per foot fall on the owners of corn and scutch mills benefited by the 
increase flow; 180 ft. out of the total fall of 350 ft. appear to have 
been thus rated, showing that fully one-half of the natural fall of the river 
was utilised in the case of the Upper Bann. These works were con- 
sidered economical and satisfactory when made, but it must be borne 
in mind that at the time of their construction a steam horse-power for 
working mills of this kind was estimated to cost about £30 a year. 

In connection with the Rathmines waterworks a reservoir has becn 
constructed at a more recent date to impound the storm water of the 
upper part of the Dodder from a catchment of about 6,000 acres, the 
store thus accumulated being subsequently sent down the river in 
compensation for the water abstracted for the supply of Rathmines. 
At one time a total fall of 370 ft. was occupied by mills on the Doddcr, 
twenty-cight in number, making paper, flour, cloth, etc., the total power 
being about goo H.P., but being very precarious owing to the nature 
of the river, which dries up very rapidly in the absence of rain. Many 
years before the construction of the Rathmines waterworks it was 
under consideration to construct a storage reservoir at Glenismaul for 
power purposes only, which it was expected would have raised the 
total power of the river to 2,000 H.P., but the reservoir was never 
constructed. It would, however, be interesting to discover, if possible, 
how and to what extent the operation of the existing compensation 
reservoir has affected the available power. | 

Where natural lakes are to be used as reservoirs it would generally 
be necessary to deepen the discharge outlet so as to use the existing 
water surface as the maximum level and to be able to discharge the 
lake down to a lower level by a means of sluice gates when water was 
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required, as in the vast majority of cases the raising of the existing 
levels of lakes would injuriously affect the drainage of agricultural land. 

It would, however, be conceivable when the fall of the water from 
a lake used in one or more power-houses was considerable that it would 
be more economical forcibly to discharge the lake by means of centri- 
fugal pumps driven by heat engines, during times of exceptional 
drought, instead of employing such engines as stand-by plant in the 
mills themselves. It may be mentioned in this connection that it has 
been proposed to obtain a range of level of 2 ft. on Lough Ennell 
for improving the power derived from Brosna, and more recently to 
use Lough Allen as a storage reservoir in connection with the Shannon 
power scheme, a use for which it is specially suited, as the land rises 
stceply around the shores of the lake. 

The levels of several lakes have already been controlled for drainage 
purposes, notably Lough Erne, the outfall of which at Belleek is pro- 
vided with four sluices 29 ft. wide by 15 ft. high, made on Mr. Stoney's 
plan with rollers and operated by a small turbine; these are opened in 
time of heavy rain to prepare the lake for receiving the floods coming 
down into it, and are closed when the water is low in order to maintain 
the navigation, which extends over some sixty miles, on one level. 
Needless to say these sudden violent discharges would not benefit 
works using the power between Belleek and the sea. 

I propose now to give a description of a few places which I have 
had the opportunity of visiting where there appears to be water-power 
capable of being developed at reasonable cost, but which has up to the 
present been only partially used, or not used at all; it must, however, 
be borne in mind that in the absence of reliable information it is 
necessary to see a river both in flood and in drought in order to form 
a true estimate of its valuc for the generation of power. 

One must also remember that a small river is not to be despised 
provided a good fall and storage facilities can be obtained. For 
example, the river used for making aluminium at Foyers has a catch- 
ment of but httle over one hundred square miles, being comparable 
in this respect with the Upper Bann; but having a magnificent fall of 
350 ft. and a storage reservoir capable of holding a supply for fifty davs 
and nights’ continuous working, it has proved itself a water-power of 
very great importance. 

One of the most attractive-looking water-powers I have met with is 
the outfall of the Ballysadare river, which enters the sea some 44 miles 
from the town of Sligo. I have roughly measured the catchment area 
of the two rivers which unite a short distance above this fall, and find 
it about 250 square miles, which should give an average flow equivalent 
to 18 B.H.P. per foot of fall. The smaller of these two rivers drains 
Lough Arrow, which might possibly be used to some extent as a reser- 
voir. The water descends a steep rapid at Ballysadare, at the bottom 
of which it pitches over a cliff into the sea; the total fall, as near as 
one could judge by eye, must be at lcast 60 ft. Two corn-mills, one 
on each side of the river, usc a portion of the water, and a mere fraction 
of the fall, the total power of which. must average about 1,000 H.P. if 
my estimate of the levels is correct. The larger of the two streams 
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which unite above Ballysadare has a good fall on it at Collooney, about 
two miles distant, and works were in progress some two years ago for 
developing the surplus power there, a portion being already in use 
driving a large corn-mill. The head available is at least 40 ft. Both 
the Ballysadare and Collooney falls are situated in close proximity to 
railway stations ; they are, moreover, so near to Sligo that the power 
from cither or both might be used for lighting that town. Some thirty 
miles to the north-east we come to another water-power of greater 
magnitude, but one which would involve much greater engineering 
works for its complete development. I refer to the outfall of the 
river Erne, which enters the sea at Ballyshannon. 

Here the river running over a compact limestone rock takes a final 
leap into the sea, the fall being about то ft. at high water and over 
20 ft. at low water, and the average flow being equivalent to 120 H.P. 
per foot of fall, so that there should be from 1,200 to 2,400 H.P. avail- 
able, according to the state of the tide. Two mills are in existence 
at this fall capable of using between them 250 H.P. at most. Owing 
to the great value of the salmon and eel fisheries in the river it is 
doubtful whether any large hydraulic works could be undertaken 
without buying up these fisheries at a heavy cost in the first instance. 
The operation of the drainage sluices at Belleek has also to be con- 
sidered, as they cause excessive discharges through the river when 
opened to any extent. About a mile higher up the river there is a 
considerable natural fall called the Falls of Lora where the water 
rushes through a narrow rock channel, and possibly a fall up to 15 ft. 
might be obtained here. Тһе whole course of the river from ВеПеек 
to the sea is rapid, with steep banks, and should therefore lend itself 
to the development of power by means of weirs suitably placed. At 
Belleek itself a fall of about 12 ft. exists between the lake and the 
river, and a small fraction of the water is used to drive the pottery 
works producing the well known Belleek china, but the vast bulk of 
the water passes continually through a byewash without doing any 
useful work. 

The average natural power between Lough Erne and the sea cannot 
be far short of 18,000 H.P., and being distributed in the short distance 
of five miles a very considerable portion of this should be capable of 
being used. Higher up on the river Erne there аге falls at Butler's 
Bridge in Cavan, and on a tributary, the Annalee, near Ballyhaise ; 
there must also be available power between Lough Gowna and Lough 
Oughter, as there is a fall of 54 ft. between these lakes. I have not, 
however, seen these places. 

If we turn now to the Galway district we find the river Corrib, 
draining some r,370 square miles, falls into the sea in the town of 
Galway, the fall being about 14 ft. Some of the power is in use, and 
possibly in summer there is scarcely enough power for the existing 
mills, since the electric light station, which has 200 H.P. from the 
river, has also a gas engine as a stand-by. During a large part of the 
year, however, a great body of surplus water passes down into the sea. 

A greater and more reliable water-power could be obtained in this 
district by using the fall of some 37 ft. which exists between Lough 
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Mask and Lough Corrib. The overflow from the former lake at 
present passes by an underground river into Lough Corrib near Cong, 
where the distance between the lakes is about two miles. А соп- 
siderable proportion of the whole catchment of the Corrib river, 
1,374 Square miles in all, delivers into Lough Mask, and it is probable 
that as much as 2,500 continuous H.P. could be obtained here pro- 
vided it were possible to prevent any great leakage between the two 
lakes. There is, moreover, a great advantage in drawing water direct 
from a lake, as in this case, instead of from a river, since the water can 
be expended rapidly or slowly as required, and whenever the turbine 
is not in use the water is being stored, provided the lake is not over- 
flowing; the large size of the lower lake at the same time would 
prevent inequalities of discharge affecting the outflow at Galway. 
Although Cong is situated in an out-of-the-way place, yet the 
navigation of the Corrib river and lake would enable materials for 
manufacturing purposes to be brought cheaply to and from the sea 
at Galway. | 

There is said to be a fall of 27 feet at the outfall of the lakes Conn 
and Collin, which discharge by the river Moy in North Mayo and 
form a counterpart to the Galway lakes, but I have no precise informa- 
tion on the subject. 

The lakes in the Mullingar district are of importance in connection 
with our subject owing to their comparatively high level. The highest, 
Lough Owel, is 329 feet over the sea, and serves to feed the top level of 
the Royal Canal, the water of which I believe is used to run the 
lighting of the railway station at Mullingar, the canal level at this point 
being some бо feet over the Brosna, into which the tail water is 
discharged. The above-mentioned canal, as it approaches Dublin, 
passes over the Rye river at Leixlip station at a very considerable 
elevation,' and a valuable power could be obtained here by discharging 
the surplus water of the canal. The long levels on the canal at this 
point would act well as storage reservoirs, and power for lighting the 
terminus at Dublin, and possibly for lighting and driving the railway 
works, might be so obtained ; the average powcr would be chiefly 
limited by the effect of flow in the canal upon the haulage of boats. 

The mention of Leixlip brings to one’s mind the river Liffey, which 
here presents so pretty a picture. The total fall on the Liffey at the 
Salmon Leap must be some 35 feet, and as the river at this point 
would seldom have a flow less than an equivalent to 12 H.P. per foot of 
fall, the available power should amount to 400 H.P.; a portion of this 
power is already in use, but there should be at least between 200 and 
300 H.P. surplus. The upper portion of the catchment area of the 
Liffcy in the Wicklow Mountains is of such a nature that the water 
flows off rapidly into the river after rain, like water off the roof of a 
house, and the river is subject to freshets of short duration after a few 
hours heavy rain at any time. This was very striking after the dry 
weather last summer, as two or three freshets came down the Liffey 
before the small streams in the Meath district which had dried up began 
to flow again. It is certain that much more than one-third of the rain- 
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fall over the catchment above Poulaphuca passes to the sea through the 
river, as it is known that as much as бо to 8o per cent. of the rain- 
fall may run off from granite rock and moorland, of which a large part 
of this area consists. Should it, therefore, ever be contemplated to 
develop the power of this river in a systematic manner, it would be of 
the utmost importance to construct an impounding reservoir somewhcre 
above Poulaphuca Fall so as to impound these numerous sudden rushes 
of storm watcr, and thus equalise the flow of the river, reducing at the 
same time the violence of the floods. 

The remarkable flood in November last caused the back water to rise 
above the level of the weir at Island Bridge, where there is a fall of 
somcthing like 14 feet under ordinary circumstances, and no doubt all 
the mills along the lower part of the river were stopped by excess of 
water on this occasion. The level of the Liffey just above the fall at 
Poulaphuca is over 500 feet above the sea, so that a great quantity of 
energy would be stored in the proposed reservoir per acre covered. 

I regret that I have no information about the Boyne and Black- 
water except as regards the fall at Slane, which appears to be from 
44 to 5 feet, and to point out that Lough Ramor, situated at an elevation 
of 277 fcet at the head of the Blackwater, should be valuable as a 
storage basin for these rivers. Neither have I been able to obtain much 
information as to the rivers in the southern part of the country, with 
which I am not very familiar. 

Many small powers exist scattered through the country which are 
not of enough importance to be considered here, and which have 
no neighbouring powers with which they could be agglomerated for 
purposes of transmission. These small powers may, however, in the 
future, be utilised electrically with great advantage for the operation of 
creameries and for working threshing machines, and for other agri- 
cultural operations as well as for electric lighting, inasmuch as small 
steam engines are notoriously extravagant in fuel, and fuel itself is very 
costly in some districts, owing to the heavy expense of railway carriage 
and cartage. 

In conclusion, I must apologise for the numerous instances in which 
I have been unable to give definite information in regard to the subject, 
the data having been mostly collected during holiday time and not with 
a view to publication of any kind. My object in bringing the subject 
forward is rather to draw attention to the fact that water-power of con- 
siderable value exists in the country, and that the time has arrived 
when a careful survey of this power should be made as a first step 
towards its employment for industrial purposes. 


Professor W. F. BARRETT (Chairman) expressed the thanks of the 
meeting to the author, and stated that in his opinion this paper was one 
of the most important contributions to this subject since the publication 
of Sir Robert Kane's work on the “Industrial Resources of Ireland." He 
quite agreed with the author as to the need of more careful observation 
and collection of data relative to the rainfall and available water-power 
in different parts of Ireland. Might it not be possible for the county 
surveyors, or the highly-trained officers of the Geological Survey 
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Department, to take up this work? the latter furnishing reports as to 
the aqueous as well as solid surface of the ground, returns that might 
be of much service in the industrial development of the country. 

The author had referred to the difficult question of the use of water- 
power interfering with salmon fishing; the interests of individuals 
must, however, be subordinated to the interests of the community, 
adequate compensation, of course, being given to those whose rights 
had been interfered with. And on this subject, why should there not 
be in Dublin a Board of Trade looking after and encouraging the 
industrial aspect of the river question? There exists an able Fishery 
Board which takes the fishers’ view, and one cannot expect this Board to 
look favourably upon the views of water-power users when such use inter- 
feres with fishery rights. One great difficulty in the industrial use of 
water-power was the irregularity of supply from summer drought and 
occasionally from winter frost. Hence some form of auxiliary power 
or of suitable storage must be used. This aspect of the subject had 
been examined by Mr. Perry, county surveyor of Galway, the able 
brother of our former distinguished president, who would, he hoped, 
give them a contribution to this discussion. 

Among the great electro-chemical industries which might possibly 
be carried on with water-power in Ireland there were the Castner- 
Kellner alkali process, the manufacture of aluminium, the raw material 
of which—bauxite—is at present exported from Ireland to Scotland to 
be worked at the Falls of Foyers. Again, graphite, now being made 
from gas-coke by the electric furnace, might be made from coked 
Kilkenny coal by electricity derived from Irish water-power. The 
Bischof process of manufacturing white lead by electrolysis was 
another new, and might become a great, electrical industry. He 
longed, however, to see this utilisation of hydro-electric power in small 
industries throughout our towns as now exists in Switzerland, where, 
as in Geneva, a great town is both lighted and supplied with motive- 
power by utilising the flow of the Rhone. 

Why should not we in Dublin make use of the available energy in 
the Vartry water-supply as well as of the water itself ? The former we 
now allow to run to waste at the various pressure-reducing reservoirs ; 
we keep the water and throw away thc horse-power that the water 
gives up. Through the kindness of Mr. Spencer Harty, the city 
surveyor and engineer, he had been supplied with the following 
data :— The average daily consumption of the Vartry water through- 
out its route is 13 million gallons, which yearly comes to 4,745 
million gallons. The level of the water at the Roundwood reservoir 
is 692 ft. over O. D., and the average level of consumption may be 
taken as 20 to Во ft., or, calling it 42 ft., giving 650 ft. of fall" As 
one gallon of water weighs то Ibs., we have 13,000,000 X 10 X 650 as 
the ft. 165. of energy in the daily consumption of the Vartry water, or 
3,520,000 ft. Ibs. of energy per hour, all through the year. Ası Н.Р. 
per hour equals 60 X 33,000 ft. Ibs., this is equivalent to, say, 1,800 H.P. 
If all the water used were run through water-motors the actual H.P. 
obtainable would depend on the efficiency of the motor, less the loss 
of energy through the friction of the pipes; the amount would there- 
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fore be reduced, say, by one-third, or to 1,200 actual H.P. every moment Prof 
throughout the year. If this power were sold at £10 per Н.Р. per Pret 
annum, it would yield £12,000 a year. But obviously the distributing 
pressure through the city, which comes from the Stillorgan reservoir, 
must not be interfered with. Hence, if the energy of the flow into the 
Stillorgan and other reservoirs were alone used so as not to interfere 
with the city and suburbs distribution pressure, there would be about 
two-thirds of the foregoing H.P., or a continuous supply day and 
night of, say, 800 H.P., divided between the successive pressure-reducing 
reservoirs. Тһе use of this energy would not interfere with the 
water supply ; it would be practically constant all the year, and round 
these reservoirs small industrial settlements might spring up which 
would utilise the power now thrown away. 

Mr. JAMES DILLON thought this was the most favourable time to Mr. Dillon. 
take up the subject, which has been before the public for the last 
forty or more years. From personal knowledge he was able to confirm 
the author's figures. He thought most good would be done by utilising 
first existing water-power sites, and then utilising and improving the , 
natural water-power sites on the west coast of Ireland wherc the rain- 
fall and water-power is greatest, rather than attempting work on the 
east coast, where the rainfall and summer discharges are lowest. 

It was very important that full data should be first obtained, and to 
be reliable this should extend over a period of at least five years. He 
thought the author's suggestion ought to be pressed upon the Govern- 
ment departments without delay; observations could be made as 
suggested by the police practically without any additional expense, 
since some of the police must be near their barracks (where rain- 
gauges could be kept) every morning. The available water-power 
depends partly on the rainfall and partly upon other matters, such as 
surface, inclinations, and height of falls. One inch of rain will produce 
great water-power at certain seasons, and in certain localities and not 
in others. Every case taken up must be carefully and sufficiently 
studied. He had great faith in the advantages to be derived from 
dealing with the small, unused existing mill sites and the good unde- 
veloped natural fal!s of the country. 

With regard to storing energy in lakes, he thought the practical 
solution of the problem would be found in lowering the level of the 
rivers rather than in raising that of the water in the lakes, storing 
up to the existing summer and winter levels, and thus avoid the 
immense compensation that might otherwise be awarded for excessive 
flooding, &c. He considered peat fuel of good quality might be use- 
fully employed for auxiliary power in districts containing quantities of 
it. Sir R. Kane dealt generally with the average water-powers only, 
and therefore he thought it should be pressed upon the Government 
departments to collect all information relative to the rainfall and 
natural waterfalls as soon as possible. It was unreasonable to ask people 
to wait and to incur the expense of providing five years' rain returns 
before being able to start any useful work, or even to apply for a 
Government loan for the carrying out of the work. 

Mr. C. Dawson, Comptroller of Rates, offered some observations Mr. Dawson. 
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upon the industrial question as regards Ireland. At the Exhibition 
of 1882 it was made clear that there were a great number of manu- 
facturers in Ireland, and now, with respect to the forthcoming Cork 
Exhibition, there were hundreds of applications for sites from Irish 
manufacturers, and in many cases the manufactures were unrivalled. 
He referred to the Bill on water-power introduced a few sessions ago 
by Mr. T. M. Healy. In this Bill powers were sought to facilitate the use 
of water-power. A Commission sat upon the matter, and the Bill passed 
the three readings in the lower House, but was most unfortunately 
rejected in the Lords. Private rights should not override public 
requirements. The time had certainly arrived when a careful survey 
of the water-power available in the country should be made. This 
had already been done in the Pyrenees and in Switzerland, and by 
the Government in France. He suggested that such a task for Ireland 
could not be placed in better hands than in those of the Vice-President 
of the Board of Agriculture, the Right Hon. Horace Plunkett. 

Mr. F. J. Dick thought the paper a most valuable one, especially in 
drawing attention to sites not gencrally known. He desired to add 
some figures to those given by the author, as he thought the latter 
might otherwise be misleading. The maximum discharge of Irish 
rivers varied greatly. For instance, at Killaloe on the Shannon it was 
about 0°62, and at Belleek on the Erne about 0°73 cubic feet per acre 
per minute, off areas of 2} and 1 million acres respectively ; whereas 
at Stranorlar on the River Finn it was about 8 cubic feet per acre off 
about 80,000 acres. For small catchments the maximum was very much 
higher still per acre. Again the minimum summer flow for five months 
in 1887 at Belleek was about оо25 cubic feet per acre per minute, 
while at Killaloe in dry years it fell occasionally as low as about 0'012. 
As a general rule the minimum flow of a dry year might be taken to 
be, for catchments of more than say ten square miles, about оо2. 
Average summer flow is generally about double the minimum, but on 
the other hand the minimum of a dry year is sometimes only a half or a 
third that of another year. As the catchment areas and levels of rivers 
at any given point can readily be ascertained from the Ordnance 
Survey maps, a sufficiently close approximation to the power available 
in summer at a given point can readily be made by means of the fore- 
going figures, provided that the catchment area is large enough, and 
assuming that no artificial storage is to be provided. If auxiliary steam 
power is provided, it is usually of less importance to know the extreme 
minimum to which a river may occasionally fall for a few days in a dry 
year, and of more importance to know the probable average summer 
flow during three or four months of a dry year, and this, as already 
stated, is about double the minimum, excluding short floods. 

Mr. G. MARSHALL Harriss did not altogether agree with the 
remarks of the last speaker. He thought it would be misleading to 
accept any one figure as applied to all rivers as the average, or mini- 
mum, discharge per acre of catchment area when estimating the value 
of a river for power purposes. He attached practically no importance 
to particulars of rainfall unless the nature of the catchment area has 
been carefully studied, and as so many rivers differ in this respect each 
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one requires separate and independent examination. He endorsed all 
that was said in the paper as to the great want and importance of such 
detailed information. From his observations of the Dargle river at 
Bray and the much larger Barrow at Carlow and Milford, the diffi- 
culties of deducing anything reliable from the rainfall had been brought 
home to him. In Carlow they very often had very heavy and con- 
tinuous rain and have expected and prepared for a flood and no flood 
has come ; again, after only two days’ rain they have had a flood down 
upon them before they knew where they were. 

In most rivers the tributarics, which are comparatively short, nearly 
always have, in ordinary rains, discharged their maximum flow before 
the maximum flow of the main river has arrived, but the rainfall, 
though not necessarily great, may be, and sometimes is, such that the 
two maxima occur at the same time, and a great flood is the result 
in such cases; as the rainfall goes up, the power goes down-—at 
Milford it very soon falls to zero. 

He mercly referred to this to show, if observations are to be of any 
value, how carefully they must be made, and if they wished to follow 
the wave of high water occasioned by any rainfall from the source of 
any river to its mouth, the question of accuracy in the time of making 
observations as emphasised by Mr. Dillon must be very strictly 
observed. He was much interested in all that gentleman had said. 

He would have liked more figures as to the capital cost of water- 
power. It is much more costly to develop a water-power than 
to lay down a steam plant. On that account he thought there was 
more immediate hope, if they directed their attention to the utilisation 
of some of the many water-powers already developed. He suggested 
difficulties in the proposed method of collecting the power, but the 
problem would be solved the moment a cheap method of storing 
electricity became possible, and such was perhaps not far off, as neither 
weight nor great efficiency would very much matter in a battery for 
such a purpose. 

The question of transmission would remain, and undoubtedly would 
have to be solved by the use of bare wires carried overhead. At Car- 
low they had a transmission line five miles long working at from 3,000 
to 5,000 volts; the wires were rubber covered, suspended between the 
poles by shackles and iron suspension wire carried on insulators. The 
insulation resistance of the bare iron wire is always from 700 to 800 
per cent. better than the covered conductor. They had made experi- 
ments proving that a pressure of 5,000 volts could be safely carried on 
the bare wire in all weathers, and if that could be done in such a case, 
there could be no difficulty in constructing a cheap and safe high- 
pressure line in this country. He would go so far as to say that a bare- 
wire line would be much safer to the general public on account of it 
being less liable to be carried away in storms, &c. One has only to 
picture a few miles of rubber-covered conductor with its suspension 
wire and shackle insulators, and to fancy such a line in an exposed 
position and acted upon by a full gale, to realise the great strains that 


would be put upon the posts and every part of the tackle. All this is 
avoided if one has the bare wire. 
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Mr. M. RuDDLE said that with reference to the suggestion made by 
the chairman of obtaining power from the Vartry water, he had gone 
into the matter somewhat since the last meeting, and from careful 
investigations madc some ten years ago һе had come to the conclusion 
that the utmost available horse-power between the two most favourable 
points on the pipe-line was seventy-five, and even with that power the 
cost of conversion and transmission destroyed its value, and if it were 
desired to use the full head available at Roundwood the cost of the 
engineering works there added to the cost of the transmission line 
would be a great drawback to its profitable use. With reference to the 
author's remarks regarding the limitations imposed by the Board of 
Trade, he remarked that the Board had recently shown an open mind ; 
it must be remembered in this respect that an overhead line conveying 
current at very high pressure was something like a railway, and must 
be fenced at serious expense for the ordinary protection of the public. 

As regards water-power generally, many people thought there was 
more in it than was really the case; in using water-power the main 
thing saved was the fuel, and this is only about 23 per cent. of the 
works costs. The capital cost of the turbines would be about the same 
as for the boilers and engines, and there would be in addition the large 
capital expenditure on water-works, dams, &c. In Ireland it must be 
borne in mind that the principal towns are situated on the sca coast, 
and consequently the cost of bringing coal to them is less than would 
otherwise be the case. In all cases reliability was an essential ; in the 
Swiss falls, at Zürich Municipal works, there was 12,000 H.P. water and 
in addition there was 3,000 H.P. in steam ; again, at the Oerlikon 
works there was energy derived from water-power at Hochfelden, 
twenty-two kilometres off, and there was in addition three times the 
H.P. in steam, and indeed, in winter steam only was used, owing to ice 
stopping the water supply. At Schaffhausen, he understood, the mills 
have large steam reserves, one of 360 H.P., so that even in Switzerland 
it was found to pay to use steam. 

The cost of transmission wasalways a difficulty. In the Frankfort- 
Lauffen case the loss in transmission was equal to 25 per cent., and it 
was found that the cost of the power in Frankfort was five times that 
at which it could have been generated locally. He believed that at 
Niagara, while the cost at the turbines was 12s. per H.P. per annum, 
at Buffalo the cost had increased to £2 12s. per H.P. per annum. He 
feared that, at any rate in coast towns, the cost of transmission would 
be prohibitive. 

In France, in the mountainous districts where water-power was 
plentiful, it was not to be found in general use ; and most of the use 
was to be found on the large rivers for corn- and saw-mills. Не thought 
that to deal with the water-power in Ireland the matter should be 
taken up locally and studied thoroughly. He suggested that the 
borough and county surveyors could give valuable help in this respect. 
It was most necessary that data should be accumulated first on the spot 
before any estimate could be made of the value of any water-powcr, 
and bcfore it could become commercially valuable some manufacturing 
use must be found for the power available. 
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Mr. A. E. PORTE said he disagreed with the statement that there was 
no coal in Ireland; there are coalfields to be found—in Kilkenny at 
Castlecomer, in Cork at Millstreet, in Roscommon at Arigna, in Tyronc 
and Antrim, and no doubt at other places. One seam of the Kilkenny 
coalfield is known to cover 20,000 acres, and we should hear more 
of our coalfields in the near futurc. 

Regarding the water-powers mentioned, he thought it very desirable 
that the existing water-powers should first be developed. To start out 
and make a systematic survey of the whole of Ireland would be too 
serious an undertaking altogether ; apart from the cost it would take 
years to accomplish. 

The utilisation of electrical power in industrial undertakings is a 
very wide question, and one of the first considerations, in his opinion, 
was, What power was worth developing? Without wishing to minimisc 
the value of small powers, he thought that 200 H.P. was the least that 
would pay for its development. To take a case or two, the production 
of calcium carbide required from 200 to 250 Н.Р. to be worth working, 
for the reduction of aluminium a very large current was required, of 
course at a low voltage, but nevertheless each crucible required, say, 
20 H.P., so that a set of ten would absorb 200 H.P. at least. 

In engineering work a weld on a 2-inch iron bar required 9o to 
100 H.P., and allowing another тоо Н.Р. for work in the shop, 
200 H.P. was soon absorbed. 

As pointed out by Mr. Dillon, it was a matter of the very first 
importance to have the records of droughts, floods, &c., of a particular 
river (extending over a couple of years at least) before any time or 
money was expended on it, as the question of capital involved in 
developing water-powers was very serious; for if steam must be 
provided as an auxiliary to take the place of water during droughts or 
floods the water-power must be very favourably situated indeed to be 
worth developing at all. There might be cases wherc the dual capital 
expenditure would pay, but they were few and far between ; in fact, 
a water-power to be really valuable must be absolutely reliable : 
no necessity for steam as an auxiliary, and situate within easy reach of 
a railway, canal, or port. 

Viewed in this light, it was probable that one could count the 
really practicable water-powers in Ireland upon the fingers of onc 
hand. 

There might be something in Mr. Tatlow's suggestion of using a 
chain of small water-powers; the idca was very ingenious and original, 
and in transmitting power between the links of the chain, or indeed 
anywhere through the country, bare wires should be used; the assumed 
danger was a bugbear. 

A recent case in point where а mill was burriéd, a client of his trans- 
mitted all the power to another mill, a mile or so away, with the result 
that there was a saving of coals of several hundreds per annum. 

Mr. F. J. Dick desired to add a water-power not mentioned in the 
paper—two sites on the Lower Bann at Portna and Movanagher. These 
two were remarkable in this respect, that artificial works rendering 
them available for water-power had already been carried out, and the 
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sites were now standing unutilised. By an Act of Parliament it was 
provided that the quantity given might be 20,000 cubic feet per minute. 
The fall at the first site is 14 feet, and at the second 11 feet ; altogether 
there was available at all times 500 or 600 H.P. The sites were a little 
away from a railway, and were held by the Board of Public Works. 

The question of water-power naturally associated itself with electric 
light, since the maximum supply of water coincided with the maximum 
demand for electric light, that is, in the winter. 

With reference to the suggested chain of mills, in cases where there 
was very little power in available sites in summer, if an industry were 
of such a nature that power was required in the winter, when there was 
plenty of water, he thought it was quite possible that good results might 
be had by adopting such a chain. 

Mr. A. T. KiNsEY said that at Navan there existed a bakery driven 
by electrical transmission which had been in use for some years. While 
it was true the Midland Railway Company (of Ireland) had used the 
water-power on the Royal Canal mentioned in the paper, it was 
doubtful whether such a course was altogether beneficial to the Canal, 
especially in dry weather. He believed one reason for the non-use of 
small water-powers for electric light was that in small places practically 
every one was interested in the local gas company. At Athlone the 
military authorities have for years used steam to pump water into the 
barracks, and the same applies to water for the town and for the rail- 
way company, and as this had been done with the water-power 
mentioned by the author right on the spot, he could only assume there 
was some strong reason why the water-power was not available. The 
woollen mills on the river used steam-power only. 

With reference to the use of bare transmission lines, he instanced a 
case where an important telegraph line had been stopped by a boy 
brcaking an insulator, and thought that this might happen in the case 
of a high voltage power wire ; the Board of Trade might therefore well 
be cautious in respect of sanctioning bare overhead lines. 

Mr. JAMES PERRY (communicated): The subject of Mr. Tatlow's 
paper is of very great interest, and it is one which will more and more 
force itself upon our attention. There is too often a suspicion that 
persons dealing with prospective Irish industries build castles in Spain, 
raise huge superstructures on insufficient foundations. There is not the 
slightest good in any kind of over-statement, and there is much to be 
said in condemnation of it. It is our business as engineers of one 
speciality and another to put our facts plainly. As Irishmen we desire 
to see our island prosperous, and we know that if we can present a 
hopeful scheme which will bear the criticism of men who are outside 
the glamour of sentiment, we shall be able to get money and give the 
scheme a fair trial. There is this difficulty, however: it is easier to get 
money for some big thing than for moderate proposals that I would 
expect to grow larger from comparatively small beginnings. The most 
satisfactory water-power is where there is a never-failing source giving 
a constant supply night and day, and uniform all the year round. We 
may suppose such a power may be taken from Niagara, and it is only 
so, even there, because it is not attempted to use all the power which 
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may be supposed to be available. We can have such a power any- 
where if we can afford to be content with the minimum flow of the 
stream. The first obvious effort of economy is to save the fourteen 
hours’ night flow so as to use it in the ten hours’ working-day. Suppose 
70 cubic feet a minute on a ro-foot fall gives a horse-power, that 
means that you would require to store 5,000,000 cubic feet each night 
if your steady power was roo brake H.P., and you would then have 
240 .H.P. available during the working day. But there are further 
discounts to be taken off this. To store you must do away with some 
head, and if you store with economy of head it means flooding a very 
large area. The user of water-power is very much a creature of the 
circumstances in which he finds himself—6,000,000 cubic feet would 
cover about 138 acres one foot deep. If this storage is compared 
with other stores of energy it will be found to be very bulky. The 
question of storage and expenditure within the twenty-four hours is of 
very great importance in electric light undertakings ; it is a question to 
which I have given great attention because it is of special importance 
in our small undertaking at Galway. Water storage is not available for 
our special benefit, because at Galway a large number of millowners 
take their power from the common reservoir—Lough Corrib. In this 
connection I have watched with very great interest the development of 
storage batteries. I have worked with electric accumulators for over 
twelve years, and I begin to hope that these expedients will be found 
to be a practical means of storing energy. My sober estimate of their 
efficiency is that if the energy you put into them costs you nothing, 
the energy you get out of them costs, allowing fairly for maintenance 
and interest on cost of battery, about £10 per ћогзе- power per annum 
working a ten-hours' day. This is very much better than I have done 
in the past, but last autumn I put down a new battery, and what I state 
above is in accordance with the guarantee of a respectable firm of 
manufacturers and the rate per annum for which they agree to main- 
tain for ten years. A disadvantage of clectric storage for manufacturing 
purposes is that your turbines are working night and day, but on the 
other hand smaller turbines and machinery, tail races, &c., produce the 
power. We change our ground very completely when we consider the 
question of storing flood water in the wet months so as to be able to 
keep up a uniform power all the year round ; the circumstances are 
rare under which this can be done artificially. Mr. Tatlow has 
observed the very great volume of flood water in the Galway river as 
compared with the quantity available for power during the dry months 
of summer, and it should be remembered this is the overflow from the 
second largest lake in the three kingdoms. Now the storing of months 
of energy by damming water in a lake with a ten-foot head outfall is a 
large operation ; the energy would be more compact if it could be put 
into carbide of calcium, and I think this idea deserves working out. 
Power for ordinary manufacturing purposes must be always of known 
reliable amount. Business cannot be carried on at the present day 
intermittently ; it will not do to have to say to the workers: ‘ Oh, 
owing to ice our power will not work our machinery and то per cent. 
or 20 per cent. of you must go home till the ice melts or till more rain 
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falls." We must have a steady power of known amount available when 
it is wanted. I have discussed the idea of getting all the available 
power of twenty-four hours into ten working hours, and again the 
possibility of equalising the power in the working hours the year 
round ; there is of course the expedient most commonly resorted to, 
auxiliary power. I have resorted to auxiliary power myself at Galway ; 
I have a small Dowson gas plant and a Crossley engine. 

I regret that very great present pressure of work prevents my giving 
Mr. Tatlow's paper more consideration than I have been able to give 
it. I am conscious that mere statements of general opinion are of little 
value, they should be founded on carefully built-up argument, but I 
may be allowed to say that I see no good reason for the opinion that 
Ireland is not suitable for manufacturing industry by reason of there 
being few coal mines in Ireland ; for example, Dowson gas has been 
used to work gas engines in the English coal districts, but Dowson gas 
is made from Welsh anthracite, and we can get Welsh anthracite at any 
Irish port at as cheap a price per ton as it can be had for in an English 
Midland county. Belfast is an important industrial town, yet Belfast 
imports almost all her raw materials, and all her coals. It is not 
necessary to limit our ideas of the manufacturing capacity of a place оп 
the coast of Ireland by the estimate of available water-power. Water- 
power is in certain ways a delightful power ; the simplicity of opening 
a sluice as compared with getting up steam ; the complexity of boilers 
and steam engines or gas engines compared with a turbine appeal to 
the man who works in both kinds. 

I examined the River Erne from Ballyshannon to Beleek, and I was 
very much struck with the power possibilities of that river. I agree 
with Mr. Tatlow that the power of Lough Mask is worth careful con- 
sideration, and there are other localities in Connemara which deserve 
examination and estimate of their water-power. 

Last summer I was a member of a deputation to which Mr. Horace 
Plunkett was good enough to give audience; we represented the 
Association of Water-power Owners, and Mr. J. Perry Goodbody, the 
President of the Association, attended as principal spokesman on 
the occasion. Our interview was confidential in so far as our com- 
versation with Mr. Plunkett was concerned, but I am free to say that 
one of the points I urged was the desirability of a water-power sub- 
department. There is a controversy of very old standing between 
persons interested in fisheries and persons using, and interested in, 
water-powers. Some more economical mode of arranging between 
the different interests than fighting it out in controversy in Parliament 
should be found. I confess that my sympathies are not with great 
schemes for the production of power for no more complex use than 
the manufacture of chemicals ; if such schemes are carried out I shall 
look upon them as mere temporary uses of the powers. If the powers 
are set to work in the first instance to manufacture chemicals, better 
work will no doubt be soon found for them to do. 

Mr. TATLOW begged to thank the Chairman and Members for the 
kind way in which they had received the paper. He thought both the 
Chairman and Mr. Perry attached too great importance. to the, effects 
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of frost on Irish water-powers ; they all knew how rarely they got a 
week’s skating in Ireland. The only effect worth considering was the 
conversion of an open race into a tube by the freezing of the surface, 
and which would entail an additional loss of head. This might be of 
importance in long races. As regards the storage of the power during 
the night, so as to make this available during the working day, the idea 
of using storage batteries for this purpose had been suggested to him 
by the owner of a large mill in Tyrone some years ago, and was at that 
time quite out of the question. Even now, with improved storage 
batteries, he would not take the responsibility of advising a manu- 
facturer to invest a large amount of capital in storage cells for this 
purpose, knowing how easily they were ruined by ill-treatment. Very 
large batteries were in use in connection with traction plants in 
America, and a large battery, capable of putting out 3,000 amperes at 
550 volts, had been erected in Paris. It was, however, quite a different 
thing to work cells in a lighting or traction station where they were 
under the care of experts, to using them to store power for factories. 

As regards the cost of such storage, he was of opinion that if the 
charging current could be regarded as costing nothing, the energy 
coming out of the battery would cost about 1d. per unit due to interest 
and depreciation on the cells, and this figure did not differ very much 
from Mr. Perry's estimate. Wherever the situation was favourable, 
the possibility of storing power by pumping water into elevated reser- 
voirs should be considered. Such a system was in use at Zürich, where 
the reservoir had an elevation of 475 feet, and could store 5,000 H.P. 
hours, and at Geneva where the head was 390 feet, and the storage 
equal to 4,000 H.P. hours. The latter reservoir was said to have cost 
$2 4s. per H.P. hour stored, and this compared favourably with storage 
batteries which would cost at least £6 per H.P. hour stored. The 
depreciation on a reservoir would be very small as compared with that 
on batteries. They might remember that it had been proposed to 
store power for lighting Edinburgh by using refuse destructors to 
pump into a reservoir on Arthur's Seat ; destructors were, however, а 
very expensive source of power. 

Mr. Dillon had referred to the desirability of first using existing 
mill sites, and the author agreed with this not only because of the 
saving of capital expenditure, but also because there were as a rule 
legal rights as regards the use of the water attached to the old mills, 
whereas the construction of new works involving changes of water 
level might lead to litigation. Mr. Dillon had referred to the use of 
producer gas made from peat in gas engines ; he believed producer 
gas made from peat contained more carbonic acid than that made from 
coke or anthracite, and might possibly not prove satisfactory. He had 
tried to induce some people who were interested in peat to make 
experiments in this direction. Mr. Dillon had pointed out that cattle 
might become entangled or injured by fallen wires if the overhead 
lines were not strongly constructed. He had found a more serious 
objection to the falling of wires was that the natives removed them 
when they fell ; it was inadvisable on this account to use wires lighter 
than No. 10 S.W.G. for transmission. The Board of Trade rules 
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provided a factor of safety of 6 for the suspension wires and 12 for the 
supports of an overhead line, allowing 50 165. per square foot for wind 
pressure, but neglecting the load due to snow. He thought with these 
precautions the falling of wires should rarely happen. 

Mr. Dick had supplied some very important figures with regard to 
the flow of the rivers at different seasons ; he had also drawn attention 
to two valuable water-powers on the Lower Bann, of which no one 
seemed to know anything, and the author thought this showed the 
importance of having some kind of survey made, even if it led only 
to a tabulation of existing sites. These powers on the Lower Bann 
being in the vicinity of the beds of Irish alum clay might be used for 
making aluminium. 

As regards the lack of water in summer, if the power was being 
sold, the supply must be maintained by means of auxiliary plant, but if 
used by the owners themselves for manufacturing, the output might be 
reduced or stopped altogether in dry weather. It was unlikely that 
electro-chemical works could stand the extra capital which would be 
involved in stand-by plant. Other undertakings, such as distilleries, 
suspended operations during the summer months, and gaswork: 
employed many more hands in winter than in summer, the men finding 
other occupations during the summer. In Dublin a number of men 
worked as hands on yachts in summer and in the gasworks in winter. 

As regards power from the Vartry supply he thought the fall was 
only about то feet per mile, and that the most of this head would be 
used up in the pipes, but of course it depended on the size of the latter. 
He thought the ro-feet of fall taken by Mr. Perry for the sake of 
argument, when considering the storage of power in reservoirs, was 
too low. He looked forward to the time when the users of water- 
power on the rivers would be more numerous and powerful, and could 
combine to control the levels of existing lakes; the total falls affected 
in such cases would be considerable. A range of level of one foot on 
Lough Arrow should give 300 H.P. for forty days at Ballysadare, which 
would be a very valuable addition during spells of dry weather. 

There did not seem to be anything in the storage of energy in 
calcium carbide, as it took 11 cwt. of coke to make a ton of carbide, 
which came out at about 1 lb. of coke to 9 cubic feet of acetylene ; this 
quantity of acetylene would give about 14 H.P. hour if worked in a gas 
engine, whereas the 1 lb. of coke worked in a producer would give up 
to 1 H.P. hour. If the carbide was made when power was plentiful it 
would be better to sell it for making illuminating gas, and to buy 
ordinary fuel with the proceeds. 

Mr. Porte had questioned the scarcity of coal in Ireland. The 
returns showed an output of 125,000 tons per annum, valued at £51,000, 
which was quite а trifling amount. No doubt the Kilkenny coalfield 
contained a considerable quantity of coal, but difficulties of transport 
to the canal or railway had prevented any large output. 

The author agreed that 200 H.P. was the least power that could be 
commercially used to make carbide ; it took in fact some 450 H.P. to 
make one ton per day ; both this manufacture and that of aluminium, 
to which Mr. Porte referred, were furnace processes, and had to be 
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carried out on a large scalc, on account of the losses of heat by radia- 
tion and conduction. Processes such as the refining of copper and 
the production of organic chemicals by oxidation or reduction might 
be carried on by means of powers of smaller amount. 

He found he was wrong in supposing that any surplus water was 
available from the Royal Canal. As regards Athlone, he could not 
understand why power could not be obtained there for driving the 
woollen mills, and for pumping water from the river unless the fall 
was liable to be affected frequently by the backwater rising. 

He would like to see charts made of the principal Irish rivers, 
showing the flow throughout the year by means of continuous curves. 
Such curves for the Rhine at Schaffhausen had been published in the 
Journal (this Journal, 1900, vol. 29, p. 176) for March, 1900, and all 
particulars of the flow for five years were shown on a small chart 
covering a single page. 


Mr. Tatlow 
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MANCHESTER LOCAL SECTION. 


SOME POINTS IN THE EQUIPMENT OF ELECTRIC 
TRAM CARS. 


By W. G. RHODES, M.Sc., Member. 
(Abstract of Paper read at Mecting of Section, March 18, 1902.) 


In considering electric tram cars, no rule can be laid down and 
no particular tram car, whosoever the maker may be, can be termed 
the best, One car can be the best for a particular route, but no car 
can be said to be better than all others under all circumstances, 

In choosing the type of car to adopt, the first consideration of 
the engineer is the nature of the track on which it has to be run. 
If the most suitable type of car for a particular route is adopted at 
the outset, endless saving of annoyance and cost of repairs will be 
effected. 

The first point to consider in choice of car is the type and 
dimensions of truck to adopt, and then the car body must be adapted 
to suit the truck. 

The special features of the track which have to be noticed before 
selecting the truck are as follows :— 

I. The nature of the gradients. 

2. The radii of the curves and turnouts. 

3. Whether or not the curves occur on gradients or on the level. 

If there happen to be no curves of small radius and no gradients 
worse than г in 20 almost any type of truck will prove satisfactory, 
and the only point to be considered is the nature of the traffic. If 
great rushes of traffic periodically occur, a few large double-deck 
cars fitted on maximum traction trucks, together with a majoritv 
of single-truck cars, will meet the case, though our experience leads 
us to prefer a quick service of single-truck cars rather than a some- 
what slower service of large ones; small cars are more casily handled 
and the working expenses are lower. Another objectionable feature 
of large double-deck cars is the practical impossibility of one conductor 
collecting the fares when there is a rush of traffic. 

If the track contains many gradients of over I in 20, single- or 
double-deck single-truck cars are preferable. In this case it becomes 
necessary to drive every axle of the truck, and if bogie cars are 
employed the consequent four-motor equipment makes the ratio of 
the working expenses to the number of passengers greater than if 
single-truck cars are used. On account of the fact that each axle 
must be driven on lines where steep gradients occur, if large bogie 
cars are necessary to cope with rushes of traffic equal wheel bogies 
must be adopted. 

If sharp curves occur along the track, the wheel base of single 
trucks must be correspondingly short. If 7 is the radius in feet of 
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the sharpest curve on the route, and / the width of the groove of the 
rail in inches, and 6 the whcel base in feet, then the greatest admissible 
value of b is given by 


For example, if / == І inch, and r= 75 fect, 


PV /2%75, 
3 


= 7 feet, approximately. 


The question might be asked as to what would be the sharpest 
curve that a 6-feet wheel base would take without danger of the car 
leaving the metals, the width of the groove being 14 inches. In this 
case the radius of the curve is given in feet by 


2l 
EUR 
772 Хх 123 
= 48 feet. 


If the curve is so sharp that a 5 feet 6 inch wheel base will not 
take it, then, of course, single trucks are inadmissible, and bogies must 
be employed. 

These conclusions lead to the rejection of single-truck cars if curves 
of less radii than about 40 feet occur along the track. 

While it is probable that at a slow speed the cars might take 
sharper curves than above indicated, there would be a grinding 
and wearing action between the flanges and the rails which would 
diminish the life of both, and it is inadvisable to depart from the 
rule given above. 

I do not wish to give my opinion here about the respective merits 
of the various trucks on the market, but a few remarks may not be 
out of place. 

The Maximum Traction Truck is satisfactory for speeds up to 
about twelve miles an hour, and for routes not having gradients of 
more than 1 in 20. If higher speeds are required or heavier gradients 
occur, single-truck or equal wheel bogie cars become necessary, 
because for a given weight on the driving wheels only a certain 
useful maximum turning couple can be reached, limited by the 
friction between the driving wheels and the rails. If this couple 
is exceeded, the only result is to skid the wheels. In the maximum 
traction truck only part of the weight of the car is on the driving 
wheels, hence the maximum frictional couple is less than if each axle 
were driven. There are means provided on maximum traction trucks 
whereby the proportion of the weight on the driving whcels may be 
varied. There is, however, a limit to the proportion of the weight 
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which may be put on the driving wheel caused by the tendency of 
the pony wheels to leave the rails. This limit is greater the better 
the track, and imperfections in the track will be detected by the 
maximum traction truck sooner than by any other type. 

The maximum traction truck has often been blamed for repeated 
derailments, for which a badly-laid track was really responsible. 

The next point I shall deal with is Brakes for Electric Tram Cars. 


BRAKES FOR ELECTRIC TRAM CARS. 


One of the most important, if not the most important, part of 
tram-car equipment is the brake. The whole responsibility of ensuring 
safety and immunity from accidents due to collisions with any obstacle 
and from runaway cars rests on the brakes. 

Brakes may be subdivided into two categories (1) brakes for 
ordinary service work, and (2) emergency brakes. 

Service Brakes.—Brakes for ordinary service work may act either 
on the wheels or on the rails; that is, they may be either wheel brakes 
or track brakes. In most cases where the track contains no very 
heavy gradients a wheel brake is quite sufficient for the purpose, but 
it may be advisable to employ a track brake for service work on steep 
inclines. The writer has found that, provided a reliable emergency 
brake is fitted to the car, the hand-wheel brake is perfectly satisfactory 
for service work on gradients up to I in ro. 

The ordinary hand-wheel brake consists of brake-shoes acting 
simultaneously on the rim of each wheel of the car and operated 
by chains and pull-rods. The point to which particular care should 
be taken with these brakes, and, in fact, with all kinds of wheel 
brakes, is that they should be carefully adjusted so as to operate 
simultaneously with equal pressure on the wheels. With these 
brakes an experienced driver can take a car down an incline of 1 
in 10 without fear of losing control Occasionally accidents will 
happen, such as a rupture of the chain, when an emergency brake 
should at once be applied. 

In order to make the hand-wheel brake as effective as possible it 
should be kept alive—that is, it should be applied only to such an 
extent as to avoid skidding of the wheels; this may be secured by 
casing off the brake slightly at short intervals to ensure that the 
wheels are not locked. 

Electric Brakes.—These are of two kinds; one consists in simplv 
short-circuiting the motors, sometimes through a resistance, so that 
on going down an incline they act as generators, with the car itself 
as the motive power. The efficacy of this brake obviously depends 
upon the revolution of the motor armature, and consequently is 
ineffective if by the use of a hand-wheel brake skidding of the whecls 
is produced. A good motor-man can apply the hand-wheel brake so 
as to produce the maximum braking power on the wheels, so that 
any other wheel brake appears to be unnecessary. 2 

Disc Brakes.—The disc brake consists of two iron discs, one of 
which is fixed to the motor and has a coil of wire wrapped round it, 
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while the other is keyed to the axle. To excite the brake a current 
is passed through the coils from the motors when running as generators, 
which are gradually short-circuited through a resistance and the disc- 
coil. The stationary disc is thus magnetised and attracts the other to 
form a “keeper,” the effect being to tend to prevent the axle from 
revolving. The braking action is thus seen to be due to two causes— 

I. The effect of the motor armatures when run as generators ; 

2. The magnetic and frictional effect between the two discs. 

The braking effect produced by this arrangement is very rapid and power- 
ful, and unless the track is in first-rate condition skidding is sure to result, 
and the brake to be rendered ineffective. In the author's opinion it is 
never safe to depend upon a brake of this kind without an auxiliary hand 
brake. Also from the evidence of those using disc brakes their 
deterioration is very rapid, and involves constant attention and 
frequent repairs. 

The Mechanical Slipper Brake.—' Тһе mechanical slipper brake, 
though frequently used as an emergency brake, is not at all suited to 
the purpose, and should be placed in the category of service brakes. 
It generally consists of a wooden slipper, which brakes on the rail, and 
which is operated by hand through a combination of levers. This 
brake may be used for service work on steep gradients, being in action 
all the time. It should be gently applied at the top of a hill when the 
car is about to descend, and should be regulated so as to keep the car 
under control till the bottom of the incline is reached. 

Emergency Brakes.—Before describing any brake for emergency 
purposes, it will be well to inquire into the conditions which such 
a brake should satisfy. 

In an emergency brake it should be possible under all circum- 
stances to apply the brake instantaneously whether on an incline or on 
the level. The brake should further be operated so simply as to require 
little or no effort on the part of the driver which would abstract his 
attention from what is going оп. It should further act on the rails, 
since presumably a wheel brake is already in operation. Many 
accidents have occurred through not having a brake which will add its 
effect to wheel brakes already in full operation. Additional wheel 
brakes are useless, since the maximum braking power on the wheels 
can be obtained with the hand brake. When this point is reached any 
additional pressure on the wheels results in skidding, and the only 
retarding action is the sliding friction between the rails and the wheels. 
The moment skidding, begins the braking action diminishes, and if the 
car cannot be kept in control by the hand brake, a track brake is 
essential. It is not often that an experienced driver is not capable of 
keeping his car under control by means of the hand-wheel brake, but it 
is of frequent occurrence that a car gets out of control before a driver 
is aware of the fact, due sometimes to carelessness, sometimes to a 
want of adjustment of the wheel brakes, or to their failure from 
various causes. In this case it often becomes impossible to regain 
control of the car by any system of wheel brakes whatever. A track 
brake then becomes invaluable, since its braking action, which may be 
made very great, is simultaneous with and superimposed upon the 
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action of the wheel brakes. We are led to the conclusion that an 
emergency brake must act upon the track itself, and that it should only 
be used when the wheel brakes are insufficient to control the car or to 
stop it as quickly as possible in an emergency. The emergency brake 
must be capable of instantaneous application, otherwise a disaster may 
have happened before it is brought into action. 

Another feature which an emergency brake should possess is that 
while it can be instantaneously applied with the greatest possible 
power, its sudden application should not be accompanied by a violent 
jolting, which would be detrimental to the car itself, and uncomfortably 
shake the passengers. A great amount of energy has to be dissipated 
by some means, but it should not be effected by vibrations through the 
truck and car body. 

I now proceed to describe two types of track brake, each of which 
is capable of immediate application, but differing altogether from each 
other in principle of action. 

The Westinghouse Electro-magnetic Brake.—This brake simultaneously 
acts on the wheels and axle of the car and on the track. It consists of 
a horse-shoe electro-magnet suspended by springs from the truck 
frame, the poles hanging downwards immediately over the track rail. 
The poles are fitted with detachable brake-shoes which, when the 
magnet is excited, are drawn down on the rails, and act asany other track 
brake, excepting that its application does not reduce the grip of the 
wheels on the rail. By an arrangement of levers connecting the brake 
electro-magnet with the wheel-brake blocks, the drag of the magnet- 
shoes on the track is taken up by the pressure of the brake-shoes on the 
wheel rims. The braking effect on the axle is due to the motors acting 
as generators, the current from them being used to excite the electro- 
magnets. It is claimed that the relative magnitudes of the braking 
effects on the track and on the wheel can be adjusted so as to produce 
the maximum effect. 

While the car is running at a moderate speed the effect of this 
brake is very powerful, but it diminishes rapidly as the speed decreases, 
since the magnetic pull between the brake blocks and the rails is pro- 
portional to the square of the magnetic induction in the iron of the 
electro-magnet. It appearstherefore, that while this brake can control 
the speed of the car, it cannot by its exclusive action bring it to a full 
stop. This is a serious drawback, as occasions sometimes arise when 
a асаа stop must be produced with as little delay as possible. А child 
might get under a car and be killed by a slow motion, when its life 
might be saved if the car could be immediately stopped. 

Hewill and Rhodes’ Pneumatic Track Brake.—When opening а 
section of the Oldham Corporation’s Electric Tram lines last year, we 
were compelled to use slipper brakes on account of the heavy gradients 
on the route. The cars were mounted on maximum traction trucks. 
On a section previously opened, the cars were fitted with mechanical 
slipper brakes, but tests showed that the brake took ten or twelve 
seconds to apply, and then the intensity of its action depended upon 
the strength of the motor-man. It is plain that a brake requiring 
ten seconds to apply would be of little value in a great emergency, 
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where a second’s delay might mean loss of life or damage of a less 
serious nature. Further, the mechanical slipper brake employed could 
not be fixed to a maximum traction truck. We therefore sought to 
obtain a track brake which, while being capable of being attached to 
maximum traction trucks, would more nearly approximate to the 
conditions which should be satisfied by a brake for emergencies only. 
The result of this endeavour was our pneumatic track brake, which I 
proceed to describe. : 

The air is obtained from an axle-driven compressor which com- 
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FIG. I. 


municates with a tank or reservoir, which is in its turn connected with 
the brake cylinders. 

The accompanying diagrams represent sections of the brake. An 
air cylinder is carried on a bracket attached to the truck. The piston 
of the cylinder is connected by a swinging rod to two levers, which 
have their fulcra on the bracket. The levers carry the slipper-shoe, 
on which is fixed a brake block of oak or beech which can easily be 
removed. Each brake is complete in itself, and can be fixed to any 
type of truck. To each tram car four brakes are fitted, whether bogie 
trucks or single trucks are used. 

On the single trucks better braking is obtained by using four brakes, 
as in going down inclines when only two brakes are used a large pro- 
portion of the weight of the car is taken by the front wheels instead of 
by the brakes. The brakes are applied by means of a handle placed 
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near the hand brake, and above it is a pressure gauge indicating the 
pressure available for use. 

The pneumatic track brake which I have just described has given 
perfect satisfaction. Very severe tests have been made with it, and 
the results have been such as to inspire the motor-men with perfect 
confidence on inclines where, prior to its adoption, one or two mishaps 
had filled them with apprehension. Every car on the Oldham Tram- 
ways is being fitted with a set of these brakes and also with the 
ordinary hand-wheel brake and the usual electric brake, the last-named 
being, however, scarcely ever used. Each motor-man is instructed to 
use the hand-wheel brake for ordinary service work, whether on the 
level or on gradients, and to apply the track brake only in the cases of 
emergency. 

From careful tests made with this track brake it is found that on a 
greasy rail a car weighing about 10 tons can be stopped in a distance of 
18 yards when running down a gradient of 1 in 16 at a speed of 15 
miles an hour ; if the rail is in good condition it can, under the same 
conditions, be stopped in 10 yards, and if care is taken to have the rail 
well sanded the car can be stopped in a few feet. 

Sanding Apparatus.—The figures given above show the great 
importance of sanding the rails simultaneously with the application of 
an emergency brake. The usual method of sanding by means of the 
sand tramp is unsatisfactory, since it requires too much attention and 
effort on the part of the driver, often a time when he should be able 
to devote his attention to the control of the car. 

I am of opinion that the sanding should be automatically effected 
on application of the brakes in addition to being capable of being done 
by the driver at his discretion when the brakes are not on. With 
automatic simultaneous sanding of the rails on the application of a 
track brake serious accidents would be of very infrequent occurrence. 

Life Guards.—Life guards are subsidiary to brakes, and their only 
use is to avoid fatal terminations to accidents when the brakes fail or 
are incapable of pulling up the car in time to avoid running down 
individuals who happen to get in the way. Up to the present time no 
satisfactory life guard has been adopted in England. After having 
experimented with life guards of different descriptions, I am compelled 
to assert that while some of them would probably save the life of 
individuals who happen to be knocked down by the car, they would 
with equal certainty mutilate them. 

Some life guards are designed to push an obstacle aside, while 
others are intended to pick it up. I do not know which method of 
saving life and of administering severe bodily punishment ts the better. 
To my mind, the position of the guard is wrong. A car travelling ata 
normal speed can by impact with its buffer seriously injure a person 
before the guard has any chance of performing its function. In fact, 
any unfortunate individual who happens to be in the way has to be 
knocked down before the guard can pick him up or push him aside. 
The rational position of a life guard is in front of the car, projecting to 
an extent sufficient to pick up or push aside an obstacle before impact 
with the car frame is possible. 
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Some time ago I experimented with a life guard of the hanging gate 
type. А bag of sand, equal to about the average size of a child of six 
or seven years of age, was placed in the track and run down by a car 
at a speed of eight to ten iniles an hour. The guard picked up the bag, 
but in doing so slightly burst it, although the texture of which it was 
made was extremely strong. It is not altogether conducive to a sense 
of security if, while being assured that if run down by a tram car the 
life guard will pick you up, but you may be seriously injured. 

Many engineers are of opinion that a plough-shaped guard designed 
to push an obstacle aside is preferable to those designed to pick it up. 


FIG. 2. 


In either case there is obviously great risk of serious injury for anybody 
who is run down by the саг. I, for my part, have no preference, since 
I consider them equally unsatisfactory, and the chief features which 
would help in arriving at a choice would be the relative costs of the 
two types. 

Other Sources of Danger.—Collisions between electric cars and other 
vehicles or obstacles which lie in their path are not the only source of 
danger which has to be avoided. There is also the danger of electric 
shocks due to falling of overhead wires. 

Overhead wires may fall from a variety of causes. The prevention 
of accident after the wires have fallen does not lie within the scope of 
this paper. We are now only dealing with the removal of the causes 
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when such may be dealt with in car equipments. The only part of the 
car equipment which touches the trolley wire is the trolley wheel. 

It frequently happens that the trolley wheel leaves the wire, and not 
unfrequently becomes entangled with it at crossings and turnouts. The 
momentum of the car carries it forward and sometimes pulls down the 
trolley wire. If while the car is in motion the trolley head gets entangled 
in a crossing, something has to give way. In the majority of trolley 
heads the whole is of solid construction, and the only yielding portion 
is the trolley arm. The trolley head which we have adopted at Oldham 
was designed by Mr. Wilkinson, now manager of the Oldham Tramways, 
to overcome this difficulty. 

In Fig. 2, p. 1177, which depicts this trolley head the pole is fixed 
into the part a. The trolley wheel e is fixed by means of a pin to the 
bracket c, which fits on the part 5, which in its turn is fastened to a by 
means of a pin f round which it can rotate. A spring d connects a and 
b as shown. 

If, therefore, the trolley becomes entangled with any wires instead 
of pulling them, it yields by rotation about the pin f. 

Car Bodies.—In constructing a car the first consideration should ће 
to ensure the safcty of the passengers and the public generally, and the 
next should be to design it so that the wear and tear may be as small 
as possible. I have often wondered why and how large double-deck 
single-truck cars with reverse staircases ever came into vogue. They 
are not only unsightly, but, as a little consideration will show, are not 
at all suitable for the majority of tracks. When a car goes round a 
curve there is always a swinging motion which is felt least in the middle 
and most at the two ends. Just for the moment applying the principles 
dic 
dt 
impressed forces, where m is the whole mass of the car, & is its radius 
of gyration, and w the angular velocity of the car about the axis of 
rotation. 

Now suppose that different types of car take the same curve at the 
same speed so that x is the same for all at each instant, then mÅ? is 
proportional to the sum of the moments of the impressed forces. 

Now let us suppose that the cars have all the same mass, then & is 
proportional to thc sum of the moments of the impressed forces. From 
this we draw the following conclusions :— 

The internal stress and strains in the car body and truck are propor- 
tional to the moments of the impresscd forces, and therefore to the 
square of the radius of gyration. To reduce these internal strains it is 
necessary therefore to Ксер the radius of gyration of the car about its 
axis of rotation as small as possible. 

In cars of the double-deck-reverse-staircase type every endeavour 
is made to load the ends of the car as much as possible, so that the car 
has to be much more substantially constructed than would otherwise 
be necessary, or else the life of the car is seriously affected. Seats arc 
placed on the top deck over the guard and driver, and these places are 
in rushes of traffic crowded with passengers standing on the top. The 


of rigid dynamics to the case, we have mk? —; == sum of moments of 
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wrench on the bolts which fasten the body of the car to the truck 
when the car goes round a curve is very great, and not only that, but 
passengers standing at the ends of the top deck are in danger of being 
thrown off by the lurch. 

The reverse staircase is claimed to have special advantages not 
only in providing extra seating capacity on the top deck, but also in 
being safer for passengers ascending and descending the stairs. It is 
an open question whether the extra seating capacity provided on the 
top deck is not more than balanced by the additional wear and tear 
consequent upon the straining of the car due to the load being brought 
up to the ends. Also the unsightly hogging so apparent in the old 
horse cars is becoming apparent in some electric cars which are heavily 
loaded at the ends. 

Before concluding my paper, I wish to make a few general remarks 
on the equipment of electric cars. 

It often happens that, quite apart from other considerations, the 
various items in the equipment of cars are settled on the question of 
cost only. Nothing more fatal to the welfare of an undertaking could 
be imagined. Not only does it result in constant repairs and increased 
depreciation, but the safety of the public is greatly endangered, and it 
would be well to remember that a few serious accidents with their 
consequent trail of cases for compensation will very soon more than 
make up for the amount saved in the initial cost of the equipment. It is 
a penny wise and pound foolish policy which can only lead to financial 
failure and general disrepute. These remarks are not only applicable 
to car equipments, but to the whole of a tramway system. The only 
safe course is to make the best possible job at the outset, and thus avoid 
a continual and increasingly large demand for repairs. 


Vor. 81. 78 
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BIRMINGHAM LOCAL SECTION. 


TESTS ON THE NERNST LAMP. 


Ву R. Р. Ногѕе, Bowen Scholar, Birmingham 
University. 


(Communicated by Dr. D. K. Morris.) 
Paper read at Meeting of the Section, March 19th, 1902. 


It has been known for a long time that certain materials which 
insulate at ordinary temperatures will conduct fairly well when 
strongly heated ; and this principle has been employed in connection 
with the electric furnace, but it was not until lately made use of success- 
fully for the purposes of illumination. About four years ago Dr. Nernst 
applied this principle in the construction of his lamps and used 
material for their manufacture very similar to that used in Welsbach 
mantles. Owing to the fact that the melting point is very high, a 
much higher temperature can be maintained than with a carbon 
filament, and a higher-efficiency lamp is the result; and also, the 
material being non-oxidisable, no vacuum is necessary. The materials 
used for the illuminating rod require to be heated up in order to 
start the current flowing ; but when once heated the rod conducts 
and need no longer be heated by external means. 

A. great deal of experimenting and improvement has been neces- 
sary to bring the Nernst lamp to its present state of perfection, but 
the “ 1902 Model" now being put on the market appears to be a 
fairly satisfactory article ; and it is this lamp which forms the subject 
of the tests described in this paper. 

These tests comprise the measurement on a direct-current circuit 
of life, candle-power and watts under the following conditions :— 


Continuous run at normal pressure. 

Continuous run at a pressure above normal. 

Continuous run at a pressure below normal. 

Continuous run with constant current. 

Continuous run with constant watts expended in rod. 

Test with varying volts (increasing till burner is destroyed). 
Resistance tests on the iron regulating resistance. 

Heating effect of coil. 


In each case 100-watt 110-volt “ burners" were employed. 

'The candle power of the lamps was ascertained by comparison with 
standard Ediswan glow lamps standardised by the makers, using an 
ordinary grease-spot photometer. This photometer was not inverted, 
but the sub-standard which was employed for taking the actual 
measurements was itself standardised by comparison with the actual 
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standard lamp placed on the same side of the photometer as the 
Nernst lamp had been. : 

All parts of the photometer bench and apparatus directly exposed 
to the light that could possibly have affected results by reflection, were 
painted a dead black, the resulting surface being almost absolutely 
non-reflecting. To enable more than one lamp to be tested at the 
same time, and also to avoid shaking the lamps when moving them, 
four wooden vanes were fixed to a hollow central stem which was 
pivoted vertically so that four lamps could be hung in the four 
compartments and any one lamp tested by simply turning this frame 
round till that lamp was in front. All light from the other lamps was 
excluded by screens placed round this compartment and at the sides. 
To allow for ventilation and cooling of lamp by air currents the globes 
were hung a short distance from the side, the top and bottom of the 
frame being left open. All the lamps tested were protected by globes 
and the results obtained from a ground-glass globe reduced to the 
clear-globe standard for comparison. The candle-power was taken 
іп the horizontal plane with the filament always vertical.' 

The current supplied to each lamp was measured by a millivolt- 
meter and strips of known resistance, and the pressure was measured 
by a Weston moving-coil voltmeter previously calibrated in terms of 
a standard Clark cell. And the drop across the iron resistance and 
across the cut-out coil was obtained from another small moving-coil 
instrument. Тһе necessary corrections were made to the readings 
given by these instruments to obtain the true values. The pressure on 
cach lamp was adjusted by small carbon cloth rheostats or by stretched 
wires with sliding contacts, and was brought up, when necessary, to 
the required value before a reading was taken. 

As a battery of accumulators was used to supply the current, a very 
much more steady pressure was maintained than would have been 
possible with the mains, the excess volts when charging the battery 
being cut down by a regulating resistance. The average variation in 
pressure for any long time was certainly not more than 4-volt, and 
generally less; and it will be seen later, that since under perfectly 
steady conditions the lamp itself varies 2 to 3 per cent., sometimes more, 
a steadier run was hardly required. 

The life was in all cases, unless otherwise stated, perfectly contin- 
uous, only one break occurring in the circuit during the seven weeks, 
and that for but a few seconds. 


ІЛЕЕ TESTS. 


In every life test made there was a very considerable falling off in 
candle-power,? in the first half-hour amounting to 25 per cent. in the 


* For information on the distribution of light in Nernst lamps, and on the 
ratio of horizontal to mean spherical c.p., see Prof. Wedding, Elektrotechnische 
Zeitschrift, August т, 1901. Other information is given іп a Paper by А. J. 
Wurtz, Four. Am. Inst. E. E., June, тоот, p. 511. 

2 This initial reduction is characteristic of the Welsbach burner also, and 
as pointed out by Dr. Fleming in the discussion of Swinburne's Paper in 
February, 1899 (see Electrician, February 10 and 24, 1899), is a property of all 
oxides used as illuminants. | 
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FIG. 2.—Life Test on Nernst Lamp.  (109:5 Volts, 100 Watts, 110-Voit 
Burner). First two hours after lighting. 


over-run lamp, but only about ro per cent. when on normal volts. 
After this we get a much slower drop until 20 hours is reached, then, 
as a rule, there was a slight recovery followed by a period in which thc 
variations depended on the conditions under which the lamp was run. 

I. Tests at Normal Voltage.—Three lamps, each marked 100-watt 
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110-volts, were tested оп 1005 volts and a mean curves plotted from 
the three sets of curves obtained. These three were substantially the 
same, the big decrease (Curve II.) and slight recovery being shown in 
each; and, after this, a steady diminution of candle-power until 400 
hours, the efficiency during this part also diminishing (see Curve I.). 
After 400 hours there was another sudden drop, and then the state 
of the rod seemed to change, for there was a slight rise in efficiency 
and candle-power up to the point where the burner broke down. 


TABLE I. 
LirE TESTS ON NORMAL VOLTS (1095). 


Mean values from curves representing three separate tests. 


ee E a EN -———— - ---- 


Watts pr СР. | | 


| Watts Absorbed. — | | 
мешін) Curent, [>= = eh сс (0 (NERA I 
кы |48 amp. on rod on | Total. | Rod only. ЖК 
| o | 917 ! 1005 | 884 | 66:8 | I'51 | 1'33 1056 | 
| 1 | 913 | 100 | 891 _ 629 | sg | 142 | 1068 | 
| 3 [5906 | 992 | goi | 576 | r72 Г55 1089 | 
10 м | 988 | 972° 554 r79 , 163 | 1107 | 
"50 | '904 | 991 | 927 529 ‚| 197 | 1'74 ! 1122 | 
07 NE | 940 494 | 198 | 186 | 1152 
| 150 | "858 | оо | 951 , 457 | 2°06 | 1'96 ‚ 12172 | 
| 200 | 836 9г:6 | 957 | 439 | 2°09 | 2700 | 1252 | 
| 230 | :803 ' 88'0 gor . 400 2720 | 2°11 | 131'0 
| 300 466 | Ву» | 97 354 | 737 | 229) 1382 
23590 , 724 , 793 | 973 | 301 | 264 | 257 | 1470 
| goo | 692 . 758 | 977 | 265 | 266 | 2°60 | 1545 
450 | 6:7 ` 698 | 982 | 194 | 361 | 354 | 1688 
| | 98'о | 204 351 | 3°44 | 1642 
| | 


500 | “653 715 


The lives of the three lamps were 509, 490, and 425 hours respectively, 
the average being 473 hours. The cause of destruction in each case 
was the breakage of the platinum contact at the positive end of the rod. 
This may have been due to the deterioration of contact and consequent 
local heating. 
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Length of Efficient Life (“smashing point.’}—It will be seen that 
towards the end of the life the efficiency is seriously decreased, the 
lamp being ultimately no more efficient than an ordinary glow-lamp. 

Іп 1885 Ayrton ' showed graphically how to find the most economical 
voltage at which to run a lamp; and later? he described how, at a 
given voltage, with lamps whose economy decreases with age, there is 
a point at which it will pay best to discard the lamp. This point is 
known as the * smashing" point. In 1898 Carter ? gave a construction 
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Fic. 3.—Test No. 5. Constant Pressure (109°5 Volts, 100 Watts, 
110-Volt Burner). 


by which this point could be deduced. A more direct way based on 
this method is the following :— 


Express by a curve the rclation for the lamp (at the pressure under 
consideration) which exists between the cost of energy expended and 
candle-power-hours obtained, the latter being plotted vertically. From 
the common zero, set backwards horizontally the cost of the rcfill for 
the lamp.* A tangent from the point so obtained to the curve gives the 
point at which the C.P. hours will bear the greatest ratio to the total 
expenditure ; and it is at this point that it will best pay to get a new 


burner. 


t See Electrician, March 7, 1885. з Elecirician, September 29, 1893. 
з Electrical Revicw, August то, 1898. 
* To this should be added any increase in rate of depreciation of the iron 
resistance due to using a new burner ; and subtracted any allowance which 
may be obtainable for the platinum heating coil in the discarded one. 
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Such a curve (No. IV.) has been obtained from Table I., and from it 
the following figures have been taken :— 


Length of run (hours) ... 100 200 300 400 500 
Units consumed ... .. 088 1931 2812 3609 4328 
C.P.-hours obtained  ... 5280 9890 13880 16070 10170 
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Assuming the cost per unit to be 6d., and that of the burner, fitting, and 
depreciation of lamp and resistance as 3s., it is found by this method 
that it will pay to get a new burner at 350 hours ; total cost being up to 
that point 19s. ; candle-power hours = 15,500 or '0147д. per C.P. hour. 
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Under the very best conditions, with power at 6d. per unit, a glow 
lamp will cost over ‘o2d. per C.P. hour. 

The relatively short life of the Nernst lamp (about 450 hours) is 
probably not disadvantageous since it prevents the use of the lamp 
under uneconomical conditions after the proper “smashing” point has 
been reached. The natural life of the burner is very near that at 
which it will best pay to replace it as calculated above. This is very 
far from being the case with most glow lamps. 


2. Over-run Test.—This test shows not only that over-running is 
detrimental to the life of the lamp, but also that it does not result in 
any considerable gain in efficiency such as occurs when an ordinary 
glow lamp is similarly over-run. 

The iron resistance tends to protect the burner from excessive pres- 
sure, and the Nernst lamp is in this way less sensitive to increased pres- 
sure than the glowlamp. But whenthe current in the rod is appreciably 
increased over the normal, the joints on the rod fail owing to the high 
temperature ; quite a number of small particles of the paste used to 
cement the joint at the positive end being found at the bottom of the 
globe at the end of the test. 


TABLE II. (See Curves V.) 


LIFE TEST ON CONSTANT PRESSURE (OVER-RUN 116°5 VOLTS). 


Hours after Total Watts 


Watts per C.P. 
start. Supplied. Candle-power. 


Total. Rod only. 


The percentage of energy absorbed in the iron resistance is greater 
than it is with lamps tested on normal volts, but the watts per candle 
on the rod are a very little less. The behaviour of the rod was some- 
what uncertain, and it appeared that the lamp was on the. point of 
failure some time before it actually broke down. The life was very 
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short—only 220 hours—and failure was again due to breakage of joint 
at the positive end. 

The rod had the same appearance at the end of its life as one run 
for much longer on normal volts, but there was a heavier black deposit 
on the porcelain base. 


Candie-power: 94-5 


| „Ре 
> - 
| А 


3 
100 70 | £ 
2 
э | 
3 
90 0 | «= 
x 
8 ю |5 
271% 
5 
5 
t S 
& e 
&2| S| и 
Е 
ж 
60 3 | 3 
50 230 | 2 
40 "0 | f 
30 olo 


Duration of Test. 


FiG. 5.—Life Test (over-run) at 116'5 volts (100 watts, 110-volt burner) ; 
No. 4. 


3. Under-run Test.—A Long life (1,306 hours) and a very great drop 
іп candle-power аге the chicf characteristics of this test. At no time 
did the candle-power remain at all constant, as previously was the case, 
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but it decreased continually throughout the whole life of the lamp, 
the efficiency falling off in the same way ; and towards the end the 
luminous rod lacked that brilliancy and whiteness which usually 
characterise the Nernst lamp. 

The difference between the watts expended on the rod and the 
total watts supplied to lamp is in this case very small, owing to thc 
small drop on the iron resistance. 


TABLE ПІ. (See Curves VI.) 


LIFE TEST ON CONSTANT PRESSURE (UNDER-RUN, VOLTS 105'8). 


Watts per Candle. 
Hours after Total Watts 


Start. Supplied to Lamp. |  Candle-power. | ај Do os En m. 
ERA see sees Ware hee Nt to TESTER ERE 
О 995 | 842 I'19 | ІІ 
І 969 68:2 1:42 | 1°35 
3 95'9 630 1:52 r433 
10 935 | 609 253 145 | 
50 7880 | 4390 2°06 1°99 | 
100 86:8 | 381 2:28 | 2:21 
200 83:6 | 339 | 2:46 2:42 
400 | 734 | 24 3'06 299 - 
600 | 66:2 I9'O | 348 342 | 
90 | 576 ^ иг | Su 5'06 
1,200 570 87 6'10 б'оо 


4. Test with Constant Current.—The most interesting test of the 
series is probably that in which constant current is maintained. 
Under ordinary conditions the current falls off to a large extent and 
the burner is then no longer run at its best efficiency, the decrease 
in candle-power being also objectionable and detrimental to the 
reputation of the lamp. But with constant current, the candle-power, 
after its first drop, which is characteristic of every casc, remains 
constant until that point is reached where, under normal conditions, 
the candle-power would have fallen off very rapidly, and here, instead 
of a drop, the candle-power increases for a short time, until the lamp 
burns itself out (Curve VII.). 
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ours 1000 


Fic. 6.—Life Test (under-run) at 1058 volts (100 watts, 110-volt burner) ; No. 7. 


FiG. 7.—Life Test at Constant Current (0:89 amps., 100 watts, 110-volt 
burner) ; No. 10. 
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TABLE IV. 


LIFE TEST ON CONSTANT CURRENT (‘89 AMP.). 


esti | са Riny. | Cande rower. [Эрш] "rsen 
ЕЕЕ кеннен танар EDD MCN TES E ERN = - 
о 87:3 7061 115 110°! | 
1 87:8 570 1°54 110°7 | 
3 878 55'0 1°60 1109 | 
IO 88:0 522 1°69 IIUI | 
50 88:7 46'8 1'90 112'0 | 
120 90'0 474 U9o 1137 | 
150 905 4981 1:88 11470 | 
200 921 472 1°95 1164 i 
250 9371 498 187 1184 
209 947 492 192 1197 
350 966 508 ОО I21'9 | 


The life under these conditions was 372 hours. The total power 
taken is not given, since this depends upon the variable resistance used 


Fic. 8.—Test on Steadying Resistances (Drop across Terminals of the Iron 
Wire corresponding to Different Currents). 
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to keep the current constant. By running at constant current the life 
has been shortened by about roo hours, but a high efficiency is retained 
to the end. 


5. Test at Constant Walls.—A similar test having less practical 
significance was made by keeping the power absorbed in the rod 
constant. It was not found practicable to keep the power more than 
approximately constant. The average efficiency is slightly greater than 
in tests at constant voltage, while the life is not diminished as in the 
constant-current test. 


LIFE TEST WITH CONSTANT POWER (85:5 WATTS) SUPPLIED TO 
LuMINOUS Кор. 


Watts (on rod | Resistance of 


Houn эш Candle-power. only) per c.p. rod ohms. 
о 68:7 1°26 107 
I 535 “бо | us 
IO 49 175 ы 
100 404 295 e 
200 345 2:59 136 
300 34 2:48 145 


| 


[SS —€—— M ee се ош 


The burner lasted for 445 hours. 


Candle- Power. 


E (between Lamp Terminais) 


Fic. 9.— Candle-Power Voltage Tests (тоо watts, 110-volt burners). 


A New Lamp, Burner No. 2. | D. After 212 hours’ use, Burner No “А.” 
С. After tt hours’ use, Burner No. 17. E. After 116 hours’ use, Burner No. 14. 
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TESTS WITH VARYING PRESSURE. 

C.P.-Voltage Tests. Steadying Resislance.—A most important feature 
in the lamp is the iron regulating resistance, which consists of a short 
piece of fine iron wire supported in an exhausted bulb. By comparing 
the volume of mercury sucked in when opened under mercury to the 
total volume of the glass bulb, the pressure was found to average 
3 inches Hg. 

The regulating effect of this resistance was found by increasing the 
volts and taking readipgs of candle-power and watts supplied (sce 
Curves VIII. and IX.) 


TABLE V. 


REGULATION TESTS ON 100-WATT 110-VOLT LAMPS AT VARIABLE VOLTS. 
Se НОМЕ REN UR DNUS EMI Nd MPO АНЕ ey 
CANDLE POWER. ' 


с wee | ever о | дце пбђа | After заћи | 
Resistance. | Resistance. 
go 95 77 85 78 | оз — 
100 355 275 325 96 | 1275 | 
IOS 60 426 480 78 257 
108 657 | 460 | 497 | 265 385 | 
IIO 645 ' 467 507 379 | 560 | 
112 650 480 52% 430 | 740 
115 660 540 593 460 835 
120 870 | 8o'o 94'5 480 | 
130 | 8го | 
TABLE VI. 


VARIATION OF CANDLE POWER AND RESISTANCE OF ROD WITH THE 
POWER ABSORBED IN THE ROD ONLY (AFTER TEN Hours’ Кох). 


Watts on Rod. | Candle Power. | та 
40 575 186 
| 8o ЕЕ 118 
100 535 | 96 
| 120 | 80 | 8o 
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Although when the lamp is new there is a remarkable regulating 
effect for 5 per cent. above and below normal pressure (there being 
almost no variation in c.p. during this period), yet as the age of the 
lamp increases this regulation becomes less and less. A different value 
for the iron resistance it will be seen gives a regulating effect at 
some other point. 

Usually the iron resistance will be destroyed before the lamp 
in C.p.-voltage tests, especially if the lamp is new ; and to burn the rod 
out a special resistance had to be made, the observations commencing 
where the others left off. 

The candle-power and watts on rod curve (Curve X.) which can 


Candle- Power. 


Watts Expended in Rod, 


Е1б. 10.—Candle-Power Voltage Tests (continucd). Relation between 
Candle-Power and Watts Expended in the Luminous, Rod. 


be plotted from these results show that the candle-power varies as the 
2:6th power of the watts expended on the luminous rod. This value 
was taken from the results given by two old lamps, and satisfies these 
to within 1 per cent. for a range of from 60 to 100 watts. 


Variation of Resistance with Watts Expended. 1. For Luminous Rod.— 
The watts, being the rate of dissipation of energy, are a measure of 
the temperature, and the resistance varies with the temperature ; so that 
by plotting resistance against the watts expended on the rod, we have 
a curve (No. XL) connecting resistance with some power of the 
temperature, but no absolute values of temperature can be given. 

2. Iron Steadying Resistance.—A similar curve (No. XII.) can be 
plotted for the iron resistance, and the similarity between this curve 
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and that obtained by direct observation at different temperatures is 
very striking. 


The life of the steadying resistance cannot be correctly stated, but 


Resistance of Rod (Hot). 


Watts Expended in Rod. 
Еіс. 11.— Variation of Resistance of Luminous Rod, with Watts absorbed. 


Resistance (Hot). 


0 5 10 Б 20 25 30 35 Watts. 
Power Absorbed. 


Fic. 12.—Test on Iron Steadying Resistances. Variation of Resistance, 
with Watts absorbed in Iron Wire. 


is very considerable. One used for over 1,000 hours in connection 
with normal pressure tests has deteriorated very little. 

Behaviour of Luminous Rod.—The rod always became crystalline 
after being in use for a short time, and near the negative end was 
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blackened, changing through grey to a faint yellow at the positive 
end. In all cases where life tests have been made there was a white 
deposit in the glass globe during the first part of the life, and this 
deposit was especially noticeable in the case of the over-run lamp. 

It was observed that at certain times a faint singing or hissing sound 
may be emitted by the luminousrod. This occurs particularly with new 
or over-run lamps, and was accompanied with a fluctuation (usually a 
diminution) of current amounting to about 2 per cent. and an суеп 
greater alteration of the power supplied to the rod. It would be very 
interesting to know how this sound is caused, and whether it is asso- 
ciated with the crystallisation referred to. 

These fluctuations of current occur under all conditions of testing, 
but when they were not great the sound could not be detected. The 
current sometimes varied 2 or 3 per cent. when the external pressure 
on the lamp terminals was absolutely steady. 

In all the life tests the end of the test was determined by the 
breaking away of the positive connection at the platinum wire. This 
is at the lower end of the rod according to the instructions sent with 
each lamp. Of seventeen burners tested, none but three ended at all 
prematurely ; and these three, curiously enough, were being under- 
run, and, in fact, were undergoing the earlier stages of a regulation 
test with gradually increasing pressure. 

Removal of the globe appears to cool the luminous rod, increasing 
its resistance and decreasing the current supplied by about 1 per cent. 

When once started it is found that a very small current will suffice 
to heat the rod enough to make it conduct. In this way a burner was 
observed to give only ‘175 candle-power, the current taken being 
"193 amps. and pressure on lamp 874 volts. 

A new luminous rod when normally burning has a specific resistance 
of about "7 ohm per centimetre cube (about roo times that of a carbon 
filament). The average of three rods which had each run for 450 hours 
was 1'06 ohms рег cm. cube. 


Heating Coil and Automatic Switch.—'The heating coil, which con- 
sists of a clay spiral (arranged around the luminous rod), closely over- 
wound with fine platinum wire, was tested by continuously running 
it on 110 volts for over 48 hours. No alteration of the heating current 
occurred during this period, which corresponds to lighting the lamp 
a very large number of times,—since the lamp only takes about half 
a minute to light up. 

It was also found that the period required to heat the rod to the 
point of conducting was not sensibly increased after the starting of the 
lamp 120 times (the rod being allowed to cool between each start) ; while 
the diminution in candle-power of the burner due to this frequent 
heating and cooling was no greater than would have been the case 
if the lamp had been continuously run for a corresponding time. 

The heating coil will plainly last longer than the rod, and it should . 
be possible to use up heating coils by replacing the rod alone. 

At no time has the automatic switch failed to act; nor has its 
contact given any trouble. 

Vor. 81. 79 


/ 
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In conclusion, there seems to be a wide field for the Nernst lamp 
where fairly large candle-powers are required and where power is not 
cheap. 

The Nernst lamp will give on the average at least "48 c.p. per watt 
expended, as against '28 c.p. per watt in the case of good glow lamps. 
The cost of renewals would appear to be not more than three times as 
much for the Nernst as for the glow lamp, allowing for the shorter life 
of the former. In a roo-watt Nernst lamp (see curve II.) the total 
energy used is over 35 units during economical life ; and at 4d. a unit 
this costs 11s. 8d., or, say, not more than fifteen shillings when all 
expenditure due to renewal of the burner is taken into account. 

Thus the Nernst lamp will furnish 1,000 c.p.-hours at a cost of 
elevenpence ; while fifteenpence is the approximate cost of the same 
amount of illumination from good glow lamps. In this comparative 
estimate the cost of renewals in each case has been included, the price 
per unit assumed to be 4d., while the glow lamp has been taken at an 
average of 3'6 watts per c.p. throughout a life of 700 hours. 

If the glow lamp be run for a longer period, or the price of the unit 
increased, the case will be all the more favourable to the Nernst lamp. 

Under-running might pay where power is cheaper owing to the 
increased life; and this, in spite of the low efficiency towards the end 
(say after about 800 hours ; see Table III.). 

Over-running of the lamps, on the other hand, is, as stated above, 
not economical. 

The rapid falling off in the efficiency of the lamp under normal 
conditions after 200 hours scems to show that after this time it would 
be better to replace the iron resistance shown by one of a smaller 
value ; and so maintain the candle-power at a steady value throughout 
the life. 

My best thanks are due to the Birmingham University authorities, 
for the current used in these tests and the use of instruments and 
apparatus ; also to Dr. D. K. Morris for facilitating the carrying out of 
these tests, and for kind assistance in finishing this paper. 


Dr. Morris. Dr. D. K. Morris said he thought that the Local Section was to be 
congratulated upon having a paper on one of the very few novelties 
that had come upon the electrical market of late in reference to electric 
lighting—a novelty which promised to enable the electrical light to 
compete, more or less satisfactorily, with the incandescent gas mantle 
now so common, and to compete on the score of efficiency. The life 
tests were of interest as showing clearly they had now a lamp which, 
though its life was only half that of the ordinary glow-lamp, had a much 
greater average efficiency throughout its life, giving 50 per cent. more 
light for the same expenditure of power; and the increased cost of 
renewals was only a small matter as against this 50 per cent. increase 
in economy. An interesting observation of Mr. Hulse's was the sound 
occasionally emitted by the luminous rod. It was a remarkable thing 
that a mere electrical conductor should give forth a sound, when that 
conductor was apparently not gaseous. Iu conclusion, he would like 


! See Phil. Mag., бері, 1897. 
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to know from experienced electrical engineers what, in their opinion, 
was the average expenditure of watts in an ordinary glow-lamp per 
candle obtained during its average life, as it was difficult to obtain 
information about the power absorbed in the glow-lamp under the 
conditions of ordinary use. 

Мг. J. C. VAUDREY congratulated Mr. Hulse on his paper, but 
thought that there was much experimenting to be done and a good 
deal to be learnt before the lamp which had been described would 
have the same effect on electric lighting as the incandescent burner 
had had on gas interests, and he was afraid that the Nernst lamp had 
not the same advantage over the glow-lamp which the incandescent 
mantle had over the old type of burner. Reduced to electrical figures, 
he would put the efficiency of the ordinary incandescent lamp at 
about 24 watts per c.p. He failed to see the great commercial 
advantage which the Nernst lamp possessed over the ordinary glow- 
lamp, as the end of its efficient life, during which the average watts 
per candle appeared to be something like 2, seemed to be after 100 or 
130 hours ; and after 500 hours the watts per c.p. rose to 3°5, averaging 
which brought the consumption in watts to that of an ordinary glow-lamp 
which lasted for 700 or 800 hours. When the frequency and cost of 
renewal were taken into account, he was afraid that the disadvantages 
would exceed the advantages. Another drawback, he thought, was the 
fact that the lamp was of 40 or 50 candle-power, whilst the average 
commercial lamp did not necessarily exceed 16 candlc-power. 

One welcomed the new lamp as a distinct adjunct to our supply 
systems, and he felt that it might only be a matter of time before the 
lamp was developed in such a way as to give a much higher efficiency. 
In any case, it would be a thing to be welcomed when, by its increased 
efficiency, they could reduce the price of illumination to the general 
public. 

Mr. G. Ноокнам said that his first feeling and his instinct were 
that, judging from the experiments and figures given by the reader 
of the paper, the Nernst was not a practical lamp at present. English 
engineers liked simplicity. Foreign engineers loved complications, 
and the Nernst lamp might suit them. But he thought it would be 
very difficult to persuade English engineers, for the sake of the difference 


Dr. Morris. 


Mr.Vaudrey. 


Mr. 
Hookham. 


between a shilling and fifteenpence, which was about the amount of 


saving mentioned in the paper, to sacrifice the beautiful simplicity of 
the exhausted bulb for the complications of the new lamp. 

Mr. A. H. BaTE suggested that the hissing sound proceeding from 
the lamp might be due to the changes in conduction of a current 
through the heated air surrounding the luminous rod, and not to 
changes in the rod itself. Many years ago he had made some tests 
which demonstrated the fact that there was a very distinct leakage- 
current between a platinum plate and a platinum wire, about 75-inch 
apart, when heated to bright incandescence, with a potential difference 
of 100 volts between the two. It was possible that it was a similar 
discharge through the gas surrounding the luminous rod which caused 
both the hissing and the variation in the current. | 

Mr. HENRY Lea (Chairman), referring to the detrimental effects of 


Mr. Bate. 


Mr, Lea. 


Mr. Lea. 


Mr. Hulse. 
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overrunning, said he did not think that the glow-lamp was properly 
appreciated from the point of view of its being used at the voltage for 
which it was made. It seemed to be inseparable from a large distri- 
bution system such as we had in our towns and cities, that the voltage 
should be anything but constant, and lamps anything but long-lived in 
consequence. But there were isolated plants with extremely short 
mains where it was possible to regulate the voltage to within 2 volts.on 
a 220-volt plant, and in such cases it was remarkable to see how the 
lamps behaved. In one case where 130 glow-lamps were employed, 
after three years’ use it was not found necessary to replace a single 
lamp. This meant an average life of 2,100 hours, whilst one particular 
lamp, the owner assured him, had given light for 7,000 hours, and was 
still in use. It would be more satisfactory if the Nernst lamp showed 
itself more independent of those variations of pressure which seemed 
unavoidable in large towns. 

Another point which did not appear to be very favourable was that 
in the Nernst lamp there were three possible causes of breakdown :— 
(1) the rod might give мау; (2) the iron resistance might burn out ; 
(3) the heating coil might fail. There was also a suggestion in one 
part of the paper that it might be advisable to change the resistance 
during the life of a burner, which made four things to be attended to 
during the life of the lamp. If the average life were only 400 hours, it 
seemed to him that the Nernst lamp would require such an amount of 
personal attention that the saving in cost would not be considered 
worth the trouble. Mr. Hulse told them that the Nernst people 
warned users not to overrun their lamps. It would be very useful if 
they were to say how to avoid doing so, because they seemed to be 
entirely at the mercy of the pressure on the street mains. The regu- 
lating effect of the iron resistance was remarkable to him ; it was 
remarkable that at a certain part of the curve the volts could be greatly 
increased without any increase in current, and by arranging the resist- 
ance so that this current was the normal working current of the lamp 
the resistance was made of special value to the rod. 

In expressing the indebtedness of the Local Section to Mr. Hulse, 
the Chairman pointed out that in one case the readings were taken 
over a run of seven weeks without a break. Their thanks were also 
due to Dr. Morris for bringing the paper before them, and also to the 
University authorities for providing facilities for the tests. 

Mr. К.Р. HULSE, in the reply to the discussion, said that the figures 
given for the glow-lamp were on the whole such as to make the best 
possible case for it, and that whereas it absorbed considerably more than 
3 watts per candle, the Nernst lamp only required for a life of 400 
hours an average of 2'1. It is obviously unfair to take the last figures 
in the life of the lamp, on account of the rapid decrease in efficiency 
towards the very end of its life. In the construction given for finding 
the most economical life, the total cost of replacing the burner, 
including the trouble of fitting, was allowed for. The types of Nernst 
lamp now being put on the market certainly would not take the place 
of small glow-lamps, but rather of the very large glow-lamps and 
small arcs. The 1902 model has had a vast amount of care and 
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money expended in its production, and to continue saying that the 
lamp required perfecting before trying it practically was carrying out 
a cautious policy which seems typical of English practice. 

Mr. Bate's suggestion as to the cause of hissing seemed very 
probable, but the fact that removing the protecting globe, or even a 
slight current of air on the rod did not affect the hissing, would tend 
to disprove such a theory. As Mr. Lea had said, a glow-lamp, run on 
perfectly steady pressure, would burn for a very long time, but at the 
end of that time would also be taking a large amount of power per 
candle-power, 6 watts or over. One of the three causes of failure, viz., 
the rod breaking, was in reality an advantage, since it prevented the 
lamp continuing to burn after the end of its economical life; the 
other two were unlikely to occur. The difference between тта. 
and 15. 3d. represented a reduction of 26 per cent, and this figure 
would probably be considerably increased in actual practice owing to 
the favourable figures taken for the glow-lamp. Тһе overrunning 
which the users of Nernst lamps were warned against was not that due 
to fluctuation on mains, but rather the deliberate overrunning practised 
by some people who, by buying a lamp of lower voltage than that of 
their mains, believed that they obtained more efficient results. 

Dr. Morris, who was called upon to make any further remarks, 
said that the merits of the Nernst lamp had hardly been appreciated 
in the discussion. Mr. Lea, for instance, had criticised the lamp on 
the score of variation of voltage, shortness of life, and trouble of renew- 
ing. They could not vary the volts on the burner. Any fluctuation of 
the mains was absorbed by the iron resistance, and the rod was practi- 
cally the same as if the voltage had remained perfectly constant. 
With regard to shortness of life the question arose, what did the public 
want? Did they want a certain amount of illumination with a certain 
number of watts, or were they content with putting in a lamp and 
continuing to get some sort of light for a very long time irrespective of 
any other consideration. He had heard of a glow-lamp which burnt 
for 18,000 hours, but the watts per candle were not stated. When 
emphasis was laid on the trouble of renewing the burner in the Nernst 
lamp it was fair to remember that the lamp was not made in small 


sizes like the ordinary glow-lamp. He thought it was the most suitable. 


thing on the market for a large room or for halls of moderate size, 
and, in criticising it, one should compare it rather with the arc than the 
glow-lamp. 


Mr. Hulse. 


Dr. Morris. 
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NOTES ON THE TEACHING OF ELECTRICAL 
ENGINEERING IN THE TECHNICAL HIGH 
SCHOOLS OF CHARLOTTENBURG (BERLIN) 
AND DARMSTADT: (July, 1901.) 


By D. K. Morris, Associate Member. 


The following notes were made on the occasion of the visit of the 
Institution in 1901. They are presented here at the request of the 
Editing Committee in approximately the same form as that in which 
they were originally furnished. The notes cannot give more than a 
general idea of the conditions of electrical engineering teaching in 
Germany, since the writer is unacquainted with many other and even 
more important schools of this subject; as, for example, that at 
Karlsruhe. 


The Diploma course of study extends normally through a period of 
four years. By special arrangements the course can be covered in 
three and a half years. 

At least half a year, and usually a whole year's previous work in a 
machine shop is required as a condition of entry to the course. 

Students are, on the average, from two to three ycars older than 
students of corresponding subjects in England. 


Summary of Electrotechnical Course (chief subjects only). 


Mathematics.—AÀ sound knowledge of algebra, trigonometry, and 
elementary co-ordinate geometry is insisted upon in the entrance 
examination (or whatever examination takes its place). The calculus 
and differential equations with graphical illustrations are fully taught 
in the first two years. 

Mechanics and Physics. —Thorough courses in mechanics and experi- 
mental physics in the first two vcars. Mathematical theory of electricity 
in the third year. 

Main Lecture Courses.—General and mechanical engineering during 
the first three years. Electrical engineering in the second, third, and 
fourth years. 

Design and Drawing.—General engineering design in the first two 
years. Design of electrical machinery and fittings in the third. 

Technical Laboratorics.—Mechanical engineering during one-half of 


' These notes were prepared for publication with the Reports of the 
Sectional Committees on the Institution Visit to Germany, but owing to 
unavoidable causes they could not be printed with these Reports (this 
Volume, p. 534). 
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the third year (Darmstadt), and electrical engincering throughout the 
third and fourth years. 

Other Courscs.—The remaining time in the third and fourth years is 
devoted to the study of languages (usually English and French) and to a 
number of special subjects as below. 

Special Lecture Courscs.—Among the subjects for special lecture 
courses recommended to the more advanced electrical engineering 
students in Darmstadt during the session 19oo-1 were :— 

Water-power machinery. 

Gas engines. 

Machine tools. 

Planning of central stations for light and power. 
Electric mains and feeders. Wiring. 

Electric tramways. 

Telegraphy and telephony. 

Arc lamps and meters. 

Patent laws, etc. 

Students are expected to take up three or four of these special 
subjects. 

A prize is offered annually to fourth year students for the best 
design for some previously specified piece of machinery or electrical 
installation. In Darmstadt the subject for 19oo-1 was а 5o0-k.w. 
rotary converter; to be designed to certain specifications and its 
characteristics to be worked out fully. 


The course of study is remarkable for its length ; for the high 
standard in non-technical subjects insisted upon on entry, enabling 
thorough treatment and consistent arrangement of the technical 
courses ; and also for the opportunities for specialisation which it 
affords in the last two years, these being almost exclusively devoted to 
technical subjects. It is noticeable, however, that of the time devoted 
to work in the technical laboratories, a smaller part than seems 
desirable is given to purely mechanical engineering, the bulk of the 
testing work being done on electrical machinery and apparatus. 

Owing to the greater scale of the institutions as compared with 
similar ones in England, the services of several professors and of a 
large staff are available for the department. ‘Thus, in Darmstadt, the 
electrotechnical department includes 3 professors and 8 assistants with 
3 mechanics. And each professor and assistant will contribute each 
year one course of special lectures, in addition to routine teaching work. 

Another result of the extent of the institutions is that the courses 
can be multiplied so as to be strictly adapted to each student's needs. 
Separate courses in physics and mathematics, and also in mechanical 
and electrical engineering, arc held for the exclusive benefit of certain 
groups of technical students. For instance, in Darmstadt, in addition 
to the full lecture and laboratory courses in electrical engineering, two 
shortened courses are held in this subject; one attended by electro- 
chemists and mechanical engineers, and the other by architects and 
civil engineers. 

Number of Students.—In 1900 there were in the Darmstadt High 
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School over 1,000 engineering students in all the four years, and of 
these about one-half were studying electrical engineering, and the rest 
civil and mechanical engineering. 

It may be noted also that of 140 students in technical chemistry 
about 60 were specialising in electro-chemistry. 


Equipment of Electrotechnical Laboratories. 


The electrical machinery is of all types (not excepting obsolete 
patterns, but including many of the most recent designs). It ranges 
in size from about roo H.P. (such machines being associated with 
lighting or power supply) downwards, and includes a large number and 
variety of the smaller machines—rotary converters, and direct-current, 
single-phase, and polyphase motors. There is a correspondingly great 
number and variety of measuring instruments. 

All but the largest machines are separately driven and their speed 
regulated by means of direct-current 100-volt motors coupled with 
spring or leather couplings. Belt driving from a countershaft is little 
used. At Charlottenburg, direct electric driving is exclusively used 
in the main electrotechnical laboratory, and each machine is provided 
with its own tachometer. | 

The machinery room is clean, roomy, and well-lighted, and the 
machines are bolted direct to the tiled floor (Charlottenburg). Ample 
floor space is provided between the machines. 

In Darmstadt, many of the machines were bolted to a cast-iron 
platform, cross slotted with slide-rail section, and mounted on a concrete 
bed about 18 inches above the level of the gangway. A hand-worked 
travelling crane is provided over each bay—e.g., to lift 1 ton with a 20 ft. 
span. Rails are let into the cement floor to facilitate the movement 
of machinery when out of reach of the crane. 

A uniform speed of motors for conducting tests is ensured by 
batteries of ample capacity, of which there are two or three (100- to 110- 
volt), each able to drive at full load two or even three of the larger 
motor-driven sets, and having a maximum discharge rate of from 20 to 
30 k.w. 

All the circuits from each machine are brought to an adjacent table 
provided with terminals (or mercury cups) for any required pressure 
from the battery, and with an ample set of suitable instruments. 
Curves of errors (checked every few months) are exhibited near each 
instrument (Charlottenburg). 

The instruments in use arc often of a cheap type, but are arranged 
always so that they can be rapidly checked in position. For this 
purpose, a pair of terminals connected by permanent cables to a 
standardising room is to be found close to every group of instruments 
(Charlottenburg). 

High-tension work (transformers and insulation testing) is always 
included in the course. H.T. circuits are lightly railed in. 

The lecture rooms are very completely fitted up for experimental 
demonstration with lantern and otherwise, 
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Three large halls arc devoted to electrical engineering in the 
Darmstadt Technical High School. One of these is devoted to the 
larger machines, a second to small machines of all kinds, and the 
third is arranged as a museum (see below). Elementary electrical 
tests are taught in one or two separate laboratories. And the more 
advanced electrical testing which is not directly connected with the 
testing of machinery is arranged for in a number of small rooms (five 
or six students working in each). Each of these rooms is devoted to 
some special class of work as photometry, insulation tests, etc. "This 
arrangement is possible owing to the large staff. 


Gifts to Electrotechnical Laboratorics.—In Darmstadt the donations 
include four motors (one of 134 H.P., the rest smaller), one 74 k.w. 
transformer, several switchboard instruments, meters, and arc lamps. 
Two well-known firms have presented batteries of 6 and ro cells 
respectively and considerable capacity. Two others have sent switch- 
boards with samples of all their up-to-date switching appliances, 
fuses, automatic devices, etc. The samples are well arranged for 
exhibit—in action where this is of advantage—and they are in many 
cases exchanged from time to time with more recent examples of the 
firm's manufacture as the various exhibits become out of date. 

Such samples, together with a great number of other miscellaneous 
exhibits, traction appliances, etc., are shown in a separate hall unless 
they are in use as lecture illustrations. 

The donors include practically every well-known firm in Germany, 
and a number of less known local firms. 


The Mechanical Engineering Departments of the two High Schools 
referred to are kept separate from the electrotechnical sections, but are 
equally well equipped. 

Attached to the institution (Charlottenburg) there is a very fully 
equipped section under the Government for conducting all kinds of 
mechanical tests—strength of materials of construction ; microscopic 
tests, qualities of cements and concrete (for which a 500-ton testing 
machine is provided); the testing of papers, cloths, fastness of dyes, 
etc.; testing of lubricating materials, ctc. 


For much of this information the writer is indebted to the courtesy 
of Professors Slaby and Joss of Charlottenburg, and Professor Sengel 
of Darmstadt. 
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ORIGINAL COMMUNICATION. 


SPARKING IN SWITCHES. 
By ALEXANDER RUSSELL, M.A., and CLIFFORD PATERSON. 


The general adoption of higher pressures of supply has made the 
rating of switches for use in direct-current electric-lighting circuits a 
subject of pressing importance. Different makers seem to adopt 
widely different ratings for switches of substantially the same size 
and length of break, with the result that a switch which one manu 
facturer would consider safe to break ten amperes on a two-hundred 
volt circuit another would rate at only six amperes at the same pressure. 
This, in addition to the differing requirements specified in the rules of 
various supply companies, testifies to the lack of any definite data upon 
which switches may be designed and standard ratings established. 

At present in order to find the capacity of a new switch, tests have 
to be made on the lines laid down in No. 8 (Л) of the Institution Rules. 
This (Edition of 1897) runs as follows :— 

* 8 (Л). In order to ascertain that switches comply with the above 
requirements, samples should be selected from each pattern and size 
used, and should be tested at an E.M.F. and current 50 per cent. in 
excess of that which will be used on the circuits for which they are 
intended." 

Now, few manufacturers have got 330-, 345- and 360-volt circuits 
on which to test the breaking power of their switches, and it has bcen 
the object of the authors by means of experiment to find out the laws 
which govern the spark lengths when direct-current circuits are broken, 
and to give curves and formule which will enable manufacturers to 
predict with fair accuracy how their switches will act under varying 
conditions. 

When a direct-current circuit is quickly broken a spark ensues at 
the point of break. As we increase the current, keeping the voltage 
constant, the spark gets longer and longer until for a certain value the 
spark stretches across the whole of the air-gap. If the current be 
further increased the sparks seem to last a longer time, and begin to 
pit and roughen the surfaces of the terminals. Finally a point is 
reached at which a permanent arc is maintained, and the circuit can 
no longer be broken. It seems advisable, then, to make the air-gap in 
ordinary switches large enough to prevent the trailing spark bridging 
it, and the question arises, what is the length of the trailing spark when 
a given current is broken at a given pressure, and what factor of safety 
would we have if it almost bridged the air-gap. 

In order to answer this question we first made experiments to find 
out how the length of the trailing spark depends on the current and 
the pressure when a direct-current non-inductive circuit 1s broken. 
To do this a very simple piece of apparatus was employed in series 
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with glow-lamps and other non-inductive resistances. А carefully- 
machined bar of metal about 12 ins. long by $ in. х 1} in. section was 
arranged to slide over two copper terminals of the same section as the 
bar, and having a gap of four inches between them. On pulling back 
this sliding bar the circuit was broken between one of its ends and the 
fixed copper terminal. The length of the resulting spark was deter- 
mined by means of a sighting level directed against a scale at the back 
of the switch, and having a spider line in it parallel to the graduations 
on the scale. By this device it was found easy to measure the spark 
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Fic. 1.—Length of Trailing Spark at Constant Voltage. Single Break. 


length with considerable accuracy. Experiments were made to deter- 
mine the following points. 
How the trailing spark varies— 
(1) With the current when the pressure is constant. 
(2) With the pressure when the current is constant. 
(3) With the shape of the terminals. 
(4) With the speed of the break. 
(5) With the number of breaks in the circuit. 


(1) Change of Current when the Pressure is kept Constant, 
The Curves in Fig. 1 show how the length of the trailing spark 
varies with the current at pressures of 54, 82, 100, 130, 204, and 308 volts 
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respectively. It will be seen from the curves that a given increase in 
the current causes a definite percentage increase in the length of the 
spark whatever the voltage of the circuit may have been. This 
percentage increase, however, continually diminishes as the currents 
become greater. We deduce that for all ordinary voltages when the 
current is increased со per cent.,' the increase іп the length of the 
trailing spark is given by the following table :— 


| Increase in he Length of the а 
| Range. Spark for a 50 per cent. Increase oí | 


| the Curreut. 
TN =u "UM 
| Between о апа 5 amperes , 50 per cent. 
| i» Bu de ж ~ 40 „ о» 
” IO , 30 , | 30 „ ^ 
» 30 „ 00 ” | 25 n » 


The above table has been made as simple as possible as we are 
not aiming at minute accuracy, but are merely giving approximate 
rules. It proves that for small currents the increase in the length of 
the spark is proportional to the increase of the current, but for large 
currents the spark-length increases more slowly than the current. The 
similarity between the curves shown in Fig. 1 and the curves showing 
the rise of current in an inductive circuit is striking, and exponential 
equations can easily be found for them. 


(2) Change of Pressure, the Current being maintained Constant. 
The curves shown in Figs. 2 and 3 illustrate the effect on the length 
of the trailing spark of increasing the voltage when the current is 
maintained constant; Fig. 2 gives the length for a single-break, and 
Fig. 3 for a double-break switch. It will be seen that for a single break 
above 80 volts, and for a double break above 160 volts, the curves are 
practically straight lines. The equations are therefore of the form— 


Aa =a (V — b) 


where Х is the length of the spark, У the pressure, and a and b are 
constants. Hence if A' be the length of the spark when the pressure 
is increased 50 per cent., the current remaining constant, then— 


№ =а(15 У — Б). 


Hence the fractional increase in spark length— 


2(V =b). ` E 


' We choose 50 per cent. increase as this is the increase specified іп the 
Institution Rules (1897). 
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2.—Length of Trailing Spark at Constant Current. Single Break. 
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Fic. 3.— Length of Trailing Spark at Constant Current. Double Break. 
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This equation shows that increasing the voltage 50 per cent. always 
increases the length of the trailing spark more than 50 per cent., and 
that the smaller the voltage the greater is this percentage increase. 
To illustrate the relative values of a and b we have found equations 
giving the lengths in centimetres of the trailing sparks at various 
currents for a single break. 


| Spark Length (A) in Centimetres in Terms | 


| Current in Amperes. of the Voltage V. 
| 2 A = 0006 (V — 45) | 
4 А = 0012 (V — 42) | 
5 A = 0014 (V — 40) 
IO A = 00234 (У — 35) | 
20 A = 0'034 (У — 20) 
| 30 Х = 0'041 (У — 13) 
40 \ = 0'048 (У — п) 


These equations show that “a” increases and “6” diminishes as 
| : А : 
the current increases. Hence from (1) X diminishes when either the 
current or the voltage is increased. 


The following table calculated from (1) gives the numerical valuc of 


Х--А А ЕТІП 
at various pressures when the current is maintained constant. 


À 

MEME Tr 
| Amperes. ЕР кек е тен — БН 
| 100 Volts. | 200 Volts. | 300 Volts. | 

2 | 0'9 | 0'6 : об 
4 | 0'9 | 0:6 | 06 | 
"ur M. об | o6 — 

IO | o8 | об | o'6 

20 | о6 | о'6 | о6 

30 | о6 | о5 | о. 
40 | об | 05 | о5 


(3) Effect of the Shape of the Terminals. 


It was found that the length of the trailing spark was practically 
constant for a given voltage and a given current. The maximum 


RUSSELL AND PATERSON : SPARKING IN SWITCHES. 1209 


increase in the length of the trailing spark, due to a change in the shape 
of the terminals, was about 10 per cent. and occurred when they 
were sharply pointed. When the sliding contact piece broke the 
circuit along two straight edges the spark usually occurred at one or 
other of the extremities of the edges. 
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Fic. 4.—Length of Trailing Spark at Constant Voltage. Double Break. 


(4) The Speed of Break. 


At the speeds of break equal to and greater than those usually 
employed in commercial switches for lighting circuits, the length of 
the trailing spark is practically independent of the rate at which the 
circuit is broken. When, however, the speed is decreased below a 
certain limit, the shape of the spark alters, becoming broader and 
shorter. As the damage done to the terminals depends on the duration 
of the spark, it is important that the rocker be brought beyond the 
limiting length of the spark as quickly as possible. 


(5) The Effect of a Multiple Break. 

As nearly all commercial switches are of the double-break type, it 
is necessary to consider how the length of the spark is affected when 
two or more breaks occur simultaneously in a circuit. It is ordinarily 
thought that by doubling the break the spark-length is halved, but this 
is not correct. For instance, іп a roo-volt circuit the effect of doubling 
the break is to reduce the length of the spark over four times, and in 
а 200-volt circuit it is diminished 27 times, 
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The curves in Fig. 4 show how the length of the spark varies with 
the current for pressures of 300, 200, and roo volts respectively when 
the circuit is broken simultaneously in two places. By comparison 
with Fig. 1 it will be seen that its effect on the spark is equivalent to 
halving the voltage. For instance, with a given current the spark- 
length for a double-break at 300, 200, and тоо volts is equal to that for 
a single-break at 150, roo, and 50 volts respectively. Hence the curves 
shown in Fig. 1: give the lengths of the sparks for a double-break in 
circuits up to 600 volts. If three simultaneous breaks were used it 
would be safe to assume that the spark would be of the same length as 
on a circuit with a single-break and one-third the pressure. 
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Airpass. 
Fic. 5.—Constant Length of Spark Curves. Single Break. 


It has been shown above in (1) how to calculate the increased length 
of the spark for a given increment of current, and in (2) how it alters 
when the pressure is increased. It is useful to know how it alters when 
both the current and the pressure vary. For this purpose the volt- 
ampere curves for sparks of given length have been drawn (Figs. 5 
and 6). They show what must be the relation between the voltage 
and the current in order to obtain a spark of constant length for a 
single- and double-break switch respectively. The crowding of the 
curves together at high voltages is very noticeable. For example, 
36 kilowatts at 150 volts gives а 5-centimetre trailing spark, but half 
this power will give the same length of spark at 300 volts. The shade 
of the curves shown in Figs. 5 and 6 is very similar to that of the 
curves whose cquations are— 

V? С = constant 
where V is the voltage and C is the current. 
Arcing. 

In what precedes very little has been said about the minimum 

distance at which an arc can be maintained between metal terminals. 


As this fixes an absolute minimum to the breadth of the air-gap and is 
the point at which the factor of safety is unity, it has a direct bearing 
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оп the design and rating of switches. The authors have therefore made 
a few rough experiments in order to ascertain the relation of the 
arcing to the sparking distance between copper terminals. The results 
are given in the following table :— 


| 
Single Break. | Double Break. 
Current | ve ТҮ 
іп Maximum Maximum 
Length of Length of 
Amperes: | Length of Per-| Spark in || Mengib ot дт | Брак in 
in Centimetres. | Ceatimetres. | in Centimetres. | Centimetres. 
Sis ee rw | а | | 
5 . O'I o'8 | 
100-volt Circuit 15 о5 22 | 0:06 048 | 
22 о'8 29 | 097 06 | 
р -—|— , - pec қ 2 APIE 
5 | го | 22 | оч | o8 
200-volt Circuit II | I2 | 42 | 07 1°65 
I8 , | I'5 59 | o'8 | 25 | 
| | 
жыны | M m ub Tuc 
35 | 1'2 34 07 I2 
6 | L4 5I го I'9 
300-volt Circuit 
II 1'5 8'0 | r2 30 
21 2:2 11'5 | I4 4:5 


The above figures show that if switches were designed with ап air- 
gap equal to the length of the trailing spark of the maximum current 
which they have to break at the normal pressure, then they would havea 
“factor of safety” ranging from a little less than 2 in small switches 
to 3 or 4 in large switches. By “factor of safety” is meant the ratio 
of the actual length of the air-gap to the maximum length at which 
an arc could be maintained between the contacts at the normal 
current and pressure. When we Say that the factor of safety is 2, we 
do not mean that the switch can only break double the current, 
but that the air-gap is double that across which a permanent arc can 
be maintained. For example, suppose that each of the air-gaps in 
a 200-volt switch was о8 of a centimetre, then if it were rated at 
5 amperes the factor of safety would be 2, but it could break 15 amperes 
at 200 volts although probably the contact pieces would be slightly 
damaged in the process. 

With the data given above, the question of the factor of safety in 
switches may now be discussed, and it will be interesting to consider 
one or two of the systems of rating now in vogue with the object of 
finding out what factor of safety they allow. 

The Institution rule says that a switch must be tested with a current 

Vor. 81. 80 
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and voltage 50 per cent. in excess of the normal. Let А be the length 
of the trailing spark at V volts and C amperes, and let Х be its length 
at r'5 V volts and 1'5 Camperes. Then from Fig. 5 we get the following 
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Fic. 6.—Constant Length of Spark Curves. Double Break. 


table showing how the trailing spark lengthens with а со per cent. 
‘increase in current and voltage. 


x 


ыны x qd 2 4 
opem Поноћ ТТА | atao Vole – at 200 Volts. | 
| + 1 -* | = | 
| кеј ж 
ret ж . 
| 4 | 2'8 277 
| 5 27 27 
6 27 26 
| 7 | 2'6 2'5 
| 8 | 2'5 2'5 
9 | 2'5 25 
IO | 2:5 25 
20 21 
30 | 1'9 
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The above ratios are for single breaks at 100 volts and 200 volts 
respectively. From what we have shown above, however, they also 
give the values of the ratios for double breaks at 200 volts and 400 volts 
respectively. 

Now the Institution rule simply savs that a switch must be tested 
with a 50 per cent. increase in the current and voltage, without 
specifying the conditions that it must fulfil under the test. This allows, 
therefore, of two interpretations. If it is meant that the switch is not to 
arc, then a 5-ampere switch at 200 volts should just fail to arc when 
it breaks 7:5 amperes at 300 volts. This would allow a length of about 
I'I centimetres, assuming a double break. The maximum distance at 
which an arc can be maintained with a current of 5 amperes at 200 volts. 
is 0'4 centimetre, so that the switch has a factor of safety of 2'8. If, 
however, a larger switch be considered, say one for rr amperes at 
200 volts, it will be found that the factor of safety has dropped to 1'9. 
The authors have shown elsewhere that it is advisable rather to 
increase than to decrease the factor of safety as the current becomes 
greater. 

Another interpretation of the rule is that the trailing spark is not to 
bridge the gap with the go per cent. increase of current and pressure. 
For example, the length of the air-gaps in a 5-ampere 200-volt double 
break switch with copper contact pieces would have to be 2'2 centi- 
metres since this is the length of the trailing spark for 7'5 amperes at 
300 volts with a double break. In this case at the normal pressure 
the trailing spark would only be allowed to go across about one-third 
of the air-gap, and the factor of safety would be very large. It seems 
obvious that air-gaps of this size are unnecessary, and that this is not 
a fair interpretation of the rule. 

The National Board of Fire Underwriters of America give the 
following rule: all.switches “must for constant potential systems, 
operate successfully at 50 per cent. overload in amperes with 25 per 
cent. excess voltage under the most severe conditions they are liable to 
meet with in practice." ІА be the length of the spark at roo volts and 
C amperes, and Х be the length of the spark at 125 volts and 1°5 


C amperes, we get the following table for the values of x for a single 


break. ‘his table also gives the corresponding ratio Mes 200 volts with 
a double break. 


Current іп Amperes | 1 | 2 


Now as to “operate successfully " means to break the circuit, it will 
be found that this rule, like the Institution rule, unduly favours large 
switches. These switches may operate successfully at the increased 
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pressure and current and yet spark destructively at the normal current 
and pressure. 

In the rules of the Glasgow Corporation, which seem to have been 
framed with great care, the following breaks are specified for use on 
their 250 volt circuit :— 


metes ee Current in Amperes. Air-gap in Inches. 
| 
| о—5 05 | 
5 — 10 Го | 
10 — 23 | 1'5 
25 — 50 | 2'0 
50 — 100 | 2'5 | 


If we assume a pressure of 260 volts, and that double break switches 
are used, then from Fig. 1 we find that with copper contact pieces the 
following currents will give sparks that will bridge the air-gaps :— 


| | 


| Inches. `- Currents ү е а produce | Glasgow Corporation | 
0'5 5 amperes | 5 атрегез | 
ry 3 м ЕСЕ 
| 
| 75 | 218 , | ^ 23 У 
2'0 349 ., : 50 Е | 
25 535 » 100, 
39 83 " 


—— ——— —M———— —————M M 8M — —————— ———— — 


The above rules allow a factor of safety of about two over the arcing 
distance ; although, in our opinion, this is quite sufficient from a fire 
risk point of view, yet it is advisable to increase this factor at the larger 
currents in order to avoid the shortening of the life of a switch due to 
the pitting and roughening of its terminals. 

The following figures give the factor of safety assumed when we 
choose the maximum current so that its trailing spark just bridges the 
air-gap. We have defined the factor of safety as the ratio of the 
breadth of the air-gap to the arcing distance at the maximum current 
and normal pressure of the switch :— 
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Current in Amperes. Factor of Safety. 
| 15 8 
At 100 volts 
22 8:6 
5 2 
| At 200 volts II 2'4 
18 31 
ss + | 
6 I'9 
At 300 volts | 
| II | 2'5 
21 3'2 


It will be seen, then, that if we fix the size of the air-gap necessary 
to be such that the trailing spark just bridges it, then from pressures 
ranging between 200 and 300 volts this allows a factor of safety of 
about two up to ten amperes, of about three for currents of 20 amperes, 
and a still greater factor for larger currents. If the trailing spark 
fails to bridge the air-gap in a small switch at the maximum current, 
then we think that it will be found satisfactory in practice. We have 
found that well-designed small switches in which the spark almost 
bridges the air-gap are much more desirable than the huge porcelain 
switches with long air-gaps and casily broken covers which are so much 
in evidence nowadays. 

The question of the trailing spark in alternating current circuits is 
considerably more complex. The length of the spark at the moment 
of break obviously depends on the phase of the current, and it vanishes 
so quickly that its measurement is very difficult. Even, however, if the 
circuit be broken when the instantaneous valuc of the current is a 
maximum, the spark causes very little trouble, and so the air-gaps do 
not need to be nearly so long as with direct currents. Heating and 
leakage are practically the only things to be guarded against in alter- 
nating current switches for lighting circuits. 

The question of sparking in inductive circuits is a very interesting 
one, but as in practice special devices have to be used to get rid of the 
flaming spark set up it is rather outside the scope of this paper. 


The Effect of using Contacts made of other Metals or Alloys. 


This opens out a very wide field for experiment. On using steel 
terminals instead of copper the length of the spark at break was dis- 
tinctly diminished, especially with large currents. Zinc terminals gave 
the smallest spark of any we tried. We have not found any metal or 
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alloy that has reduced the length of the copper spark 50 per cent., and 
certainly none that has any claim to be called а “ non-sparking ” metal. 

The following are the main points discussed and the conclusions 
arrived at in this paper :— 


(1) The spark at break ought to be taken asa guide to the rating 
of a switch. 

(2) The shape of the terminals does not make much difference to 
the length of the spark. 

(3) The effect of increasing the speed of break above that ordinarily 
employed is small. 
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(4) The effect of a double break is to make the length of the sparks 
the same as the length of a spark with the same current at half 
the voltage. 

5) The difference in the length of the spark when copper, steel, 
or zinc is used, is not great. 

(6) For small double-break switches for use on circuits of 200 volts 
and upwards when the trailing spark just fails to bridge the air- 
gap the factor of safety is 2. 

(7) For double-break switches for large currents under the same 
circumstances the factor of safety is greater than 2. 

(8) The Institution rule as ordinarily interpreted gives a factor 
of safety of 3 for small switches, and a less factor for larger 
switches. It is roughly equivalent to the following— 


“In double-break switches up to five amperes the 
sparks ‘must not stretch farther than about scven-tenths 
of the air-gap, but for larger switches they may go right 
across." 
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(9) The Glasgow Corporation rules give a factor of safety of 2. 
These rules say exactly what the air-gaps in switches are to be, 
and must be a great help to manufacturers. 

(10) Figs. (1) and (4) given above will enable manufacturers to rate 
switches with copper contact pieces by simply measuring the 
air-gaps. For example, suppose that each break is one centi- 
metre. Then from Fig. 4 we see that six amperes gives a spark 
of 0'95 of a centimetre at 200 volts with a double break. This 
could also be got from Fig. 1, as this is the length of spark for 
6 amperes at roo volts for a single break. Hence the switch 
might be rated for 6 amperes at 200 volts, provided it satisfied 
all the other requirements specified in the Institution rule. In 
this case we should have a factor of safety of 2. Its present 
rating by the Institution rule is 4 amperes. 


If we have half-inch breaks in the switch and we rate it by the cur- 
rent which gives a spark to bridge this gap at break, then the rating 
will be as follows :— 


(1) At 100 volts — greater than roo amperes. 
(2) At 165 volts — 16 amperes. 

(3) At 200 volts — 8 amperes. 

(4) At 260 volts — 5 amperes. 

(5) At 300 volts — 4 amperes. 

(6) At 400 volts — 2:5 amperes. 

(7) At 600 volts — 1 ampere. 


In conclusion, we would point out that several of the phenomena 
touched on above require further experimental elucidation; but we 
publish these results in the hope that others may be tempted to give 
their experiences or to follow up our experiments. 
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The object of this paper is to discuss the grading of resistances rather 
than the mechanical details of switches. A satisfactory starting switch 
on one load may be a failure on another class of work with the same 
motor, owing to the greater effect of bad grading. Neglect of good 
subdivision in starting resistances has produced a demand for slow, 
screw-type starters by Supply Engineers, who have also issued regula- 
tions controlling initial current demands and rate of increase. 
Satisfactory operation can be obtained only by correct grading. 

Starling without Resistance.— This method is admissible for small 
series motors up to 2 H.P., but it is not advisable for larger sizes; 
while of shunt motors only the very smallest sizes can be started 
in this way. 

Early Starters.—Many of the earlier starters had a resistance of three 
to six sections only, and were divided equally. The author gives an 
example from actual practice, in which the current at the last step was 
very heavy, causing the motor to give a violent kick. 

Modern Slarters.—Present-day commercial starters are frequently 
divided into about three groups of sections of different gauges, such 
that the product of the resistance, current capacity, and time factor 
will enable the manufacturer to construct the coils of similar dimen- 
sions. Each group is again subdivided equally into two or more 
sections, and in this way a more or less graded resistance is produced 
which at the same time lends itself to rapid manufacture. Fig. 1 
gives a close approximation to this type on an inert load with the full 
torque throughout. It is understood in each of these diagrams that 
contact of the starting lever is maintained on any one step until the 
current has become normal. In the case of an inert load the peak 
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may last long enough to blow the fuse or open the circuit breaker, and 
if they are strengthened the protection to the motor is removed. 
Conditions of Load.—The author classifies the various starting 
conditions to which motors are subjected into a list of five—thus : (1) 
no load ; (2) load increasing with speed ; (3) load constant throughout. 
but no inertia ; (4) full load and great inertia ; (5) inertia so great as to 
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outweigh all other considerations. An example of the first is in the use 
of fast and loose pulleys, clutches, etc. ; second, ventilating and exhaust 
fans ; third, boiler feed pumps. In the first three classes an average 
commercial starter will work more or less satisfactorily, particularly 
with series and compound wound motors. The fourth class is well 
represented by a web printing machine, to which motors are usually 
direct-geared. Owing to the amount of energy which must be accu- 
mulated in the revolving cylinders before the top speed can be reached, 
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it is most important that the resistance be so divided that the momen- 
tary current in moving the switch from one contact to the next shall 
not exceed a predetermined percentage. An ammeter placed in 
circuit will frequently show the peaks as calculated, and with shunt 
motors the observed increments may even exceed the calculated 
amounts. With a direct-gcared motor it is also important that the 
predetermined current increment shall not be excessive, as gears may be, 
and have been, stripped owing to sudden and violent stresses imposed 
by the starter. The fifth and last condition is one not often met with, 
and the author ventures to state that no commercial starter as at present 
manufactured will deal satisfactorily with the case, and enable the 
motor to start up without undue stress on itself or the starter. This 
condition exists when the accumulated energy in the driven machine is 
out of all proportion to the power required to drive that machine. The 
best, or, rather, the worst, example of this sort which has come under 
the author's notice was a case of driving a line of exceptionally heavy 
grindstones, each one of which accumulated 160,000 ft. lbs., but for 
certain work only required 5 H.P.to run. Each stone therefore required 
the equivalent torque of 5 H.P. for two minutes to start from rest to 
full speed in order that the motor should not be overloaded in starting. 
Geometrical Division.—Clearly, then, the resistance must be divided 
so as to limit the increase of current in going from step to step to a 
definite amount. The correct way is a geometrical subdivision with 
armature resistance' as one extreme and the total resistance as the 
other extreme. Certain modifications are requircd, however, as suggested 
by considerations of voltage, number of sleps available in switch, and 
conditions of manufacture. The general rule is stated by the formula 


a X f" = total resistance, 


when a = armature resistance ; f= common factor; and n = number 
of sections of resistance. As an example, take a motor of 10 H.P. at 
230 volts, taking 38 amperes at full load with an armature resistance 
of ‘25 ohm. The current on moving from one step to next is not 
to exceed 10 amperes. The percentage increase is therefore 


cep =s, 26 per cent., 


and the factor to be employed is therefore 1:26. The resistance, 
including armature to the end of each section, is therefore: a х 1726! ; 
a X 1'26; ax 1'26; ах 1'26; ах r265; until a x 1'26” = total 
resistance decided upon. The difference between these products 
= resistance of corresponding sections in starter, the first being 
(a X 1260) —a. The number of sections required can be found in this 
way, and in this particular instance 14 sections will give a total 
resistance of 6:3 ohms—i.e., (a X 1:26) == 63. The current increment 
is now uniform throughout, and the motor also runs up to full speed 
more quickly, but with a smoothness which must be seen to be appre- 
ciated. As, however, it is not convenient to manufacture large numbers 


* In series and compound motors let a = resistance of armature and 
series field. 
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of sizes, the number of sections into which the resistance is to be divided 
may be already fixed by existing patterns, and the common factor (/) 
must be ascertained to suit the extremes and the number of sections 
selected. The formula R =a x f" must therefore be transposed thus : 


| Log R-log a 
Log f= 08 OR . 


Having found the factor in this way, the values of resistance, 
including armature to the end of each section, may be calculated thus : 
af,af,afs;... af". This is a long and tedious process, but there 15 
a very simple method for finding these values mechanically on the slide 
rule, due to E. A. N. Pochin. (See Electrician, vol. xxxix., p. 38, date 
May 7, 1897) As such a rule is logarithmically divided, all that is 
necessary is to measure the length in inches between the extremes and 
divide it into as many equal sections as are required in the resistance. 
The readings from each section will then give the values of the total 
resistance, including armature to the end of that section, and the 
differences, of course, give the resistance of each section. This is done 
by reversing the slide and placing the left end to correspond with an 
armature resistance and the cursor at the total resistance. The length 
in inches on the centre scale must now be subdivided equally into the 
required number of sections and the values read off at each subdivision. 
It will also be seen that the common factor can be found at once bv 
measuring the subdivision from the unit. This mechanical method 
has enormous advantages, for, as will be considered further on, several 
modifications are necessary in order to effect a compromise, and these 


are performed with an amount of ease altogether impracticable with 
formulz. 
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We will now take the example shown in Fig. 1 and redivide the 
resistance by this method, using the same number of sections, and 
Table A gives the value of each step of resistance. Thus ro H.P. at 
230 volts, total resistance = 6:6 ohms, armature resistance = approxi- 
mately '24 ohm. These extremes measure on slide rule 7:2 in. 


Extremes : | 
Number of sections — & ? section = 8 in. 

The increment now is only about 16:5 amperes, ог 43 per cent., а 
great improvement when compared with the 160 per cent. shown by 
the peak in Fig. 1. Similarly, the author has improved a number 
of commercial starters simply by taking the connecting wires to new 
points in the resistance frame, and many have in this way been saved 
from consignment to the scrap heap. It must be remembered that the 
current increment is strictly proportional to the current taken by the 
motor, and if the full current is taken by the motor before it moves 
and maintained constant throughout, the increment will also be 
constant throughout. Except on very inert loads the calculated 
increment is greater than the observed, and therefore a starter designed 
in this way for the worst load you can have will always be satisfactory 
for any other load. 

Difficulties of Construction.—N ow this method of geometrical dividing 
of motor resistance is not without its disadvantages, and these must be 
considered before any modification can be made. Оп referring to Table А, 
it will be seen that the resistance of the first section to be cut out is 
2°03 ohms, and that of the last one next the armature is “108 ohm. As 
both of these must go into the same frame, it will be seen that there 
are serious practical objections. Ав, however, the first section will 
only be used for a few seconds, and the last one may allow for one 
minute starting, the first coil can be much reduced in section, and this 
is the regular practice. Many resistances are, however, constructed so 
as to regulate the motor speed down to one-half with the full current, 
and the one under consideration will therefore require 3:3 ohms to carry 
the full current continuously. This involves the use of coils of different 
lengths, and is not conducive to cheap manufacture. Such an objection, 
however, does not apply to large starters for motors of 50 to roo H.P., 
as these are made in much smaller numbers. 

Supply Requirements.—The requirements of supply companies, such 
as limiting the starting current to ro amperes per section, lead to an 
impossible number of sections if really complied with. 

Initial Current. —Now some manufacturers, so far from complying 
with the supply requirements, actually make a virtue of the fact that 
their starters pass one and a half times the full-load current on the first 
step, and also make a claim that the motor is certain to start. Many such 
starters have been refused by supply authorities, and eventually dis- 
carded for no other reason than this. Other manufacturers have 
attempted a solution in the manner shown in Figure 2, which 
represents the first few steps of a resistance designed for so amperes 
at 200 volts, the current increasing in ro-ampere steps up to the full 
current. The total resistance is, therefore, 20 ohms, and the following 
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values up to the full current point are as given in the diagram. We 
will suppose that the motor does not start until full current -is passing. 
On moving switch-arm on to contact A we get 10 amperes, and as there 
is 10 ohms between 1 and 2, there isa P.D. of 100 volts. On moving 
on to contact B there is a violent spark, and the current is increased to 
20 amperes. The P.D. between the contacts is shown on the diagram, 
and it will be seen to diminish rapidly towards the armature end. Now 
consider what Һар- 
pens if the switch- 
arm is moved back. 
Violent sparking oc- 
curs on leaving the 
contacts, and this to 
a pronounced degree 
in going from B to A. 
It is here possible, if 
the contacts do not 
exceed the arcing 
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has introduced fresh 

FiG. 2. troubles. In the first 

place, standard slates 

have been used, and the wider gaps have necessitated fewer sections for 
more onerous conditions. Secondly, the arcing has not been annulled. 
and the enamel between the contacts gets burnt off. If the switch is used 
in a damp and dusty situation—and some must at times be used in such 
places—the damaged surface of the slate accumulates dirt, with the 
result that an arc has been known repeatedly to run right across the 
switch from the first step to the armature end in attempting to start 
the motor. The effect is, of course, particularly noticeable with high 
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voltages of, say, 400 to 600. The obvious remedy is to have more sections 
in the resistance and to divide up in such a way that, even when 
starting under full load, there shall not be an areing voltage between 
the contacts. Generally speaking, it is correct to divide geometrically 
throughout. 

High Vollage.—One of the objections to strictly geometrical dividing, 
in the case of high voltages, is seen in the fact that, although the 
increment is constant for constant torque, the P.D. between contacts is 
high, and the sparking may be more serious than in the case just con- 
sidered. It frequently happens in starting motors that irregularities 
are discovered in the driven machinery just at the moment of starting, 
and the most natural manipulation by the operator is to move the lever 
back, contrary to printed instructions supplied with most starters, and 
rapid deterioration must, of course, result. This can be overcome by 
limiting the P.D. to a predetermined amount. The author has found 
that when this figure does not exceed 30 to 35 volts, the amount of 
sparking, even with currents of 200 to 300 amperes, is so small that 
very little deterioration of the contacts takes place. Further, the con- 
tacts, instead of being widened apart, may be placed as close as 
d. inch together, and even when the switch is moved back to re-in- 
sert resistance, the arc formed cannot be maintained across the gap. 
As an actual example of a resistance graded in this manner we may 
take one for a motor of ro H.P. at 500 volts, full-load current 
approximately 17 amperes, armature and series field resistance r8 
ohms, total resistance approximately бо ohms, ic, half full-load 
current on first step. Maximum increment 20 per cent. of full-load 
current. Maximum difference of potential between contacts not 
to exceed 35 volts; r8 to 1r4 ohms is divided geometrically on 
slide rule, using ‘8 inch on lower scale (то inch rule) as factor. At 
this point the resistance of section то is r'9 ohms, and with the full- 
load current will absorb 32:5 volts. If the geometrical division is 
carried further, the P.D. specified will be exceeded, therefore equal 
sections of 2 ohms are now taken until 205 ohms (the resistance at 
which the full current only can pass) is exceeded. This completes 
other то sections at 31*4 ohms, the last of which (294 to 3174) measures 
"28 inches on rule. This, then, is the mechanical value of the new 
factor with which to divide geometrically up to the total resistance 
required. The least number of sections is here used for a given current 
increment and P.D. between contacts, and it will be seen that the 
resistance is practically divided into three parts (not necessarily equal), 
the outers divided geometrically, and the centre equally. Under certain 
conditions it is preferable to use the same gauge for the centre part, 
and as this ensures uniformity in manufacture a serious practical diffi- 
culty is partially removed. On the other hand, when the current taken 
by the motor is very large in comparison with the volts of supply, the 
P.D. at the full-current point* with the maximum-current increment 
allowable may be so small that it will be found best to increase the 
common factor gradually so as to maintain the same momentary risc of 


_* The point in the resistance at which the full-load current only can pass 
with the armature stationary. 
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current until a point is reached at which the P.D. will have increased 
to the maximum permissible, from which point the division is carried 
on to the total resistance employed, using the new factor as found in a 
similar manner. 

Barrel-Type Controller.—These are regarded by many engineers with 
much favour, and are preferred in many specifications to those of any 
other type. The author regards the barrel type of controller as the 
worst type in use. Owing to the diameter of barrel being usually 
limited to about 6 inches, the number of steps between off and full 
speed is usually only six or seven, no matter what size the motor and how 
high the voltage. This gives rise to arcing, and has led to making these 
controllers with renewable and removable contacts. The small number 
of sections will not permit of geometrically dividing, as although the 
current increment would be equalised, the high volts on the first steps 
causes serious sparking and burning of contacts. No rule can be given 
for such onerous conditions, but a compromise can be made by 
reducing the current increment on the first steps (and consequently 
the voltage), and increasing both at the armature end. The deteriora- 
tion of contacts is in this way reduced and equalised to a remarkable 
extent. Such controllers can only be tested with the motors in the 
actual machines they are intended to drivc, for although it is quite easy 
to imitate the load in the test-room, it is generally impracticable to 
imitate the conditions of inertia existing in the driven machine. The 
current increment shown on the diagram for a series motor is in excess 
of those observed under any condition with series winding, owing to 
the fact that an increase of current strengthens the field, lowers the 
corresponding speed, and consequently the motor gives a higher 
momentary back E.M.F. than that by which the curve is calculated. 
In series-parallel controllers the problem of correctly dividing the 
resistance is made more difficult owing to the fact that certain sections 
of the resistance must do double duty, acting first in the series arrange- 
ment, and, secondly, in the parallel arrangement. It is, of course, 
necessary to re-insert resistance when changing over from series to 
parallel, otherwise the effect is practically equivalent to short-circuiting 
the motor with half the voltage of supply. On the other hand, if too 
much resistance is re-inserted the motor will actually be reduced in 
speed, and observation points to the correct amount being more a matter 
of guess work and experience rather than calculation. 

The author offers the following method of solution, taking as an 
example a motor taking 60 amperes at 250 volts with sufhcient resist- 
ance to limit the current to 20 amperes on first step. The internal 
resistance of the motor is 1 ohm in series and ‘25 іп the parallel 
arrangement. There are to be three steps of resistance in the series 
arrangement, the last of which is to be split into two for the 
parallel arrangement. For the series arrangement the total resistance 
required is— 

250 volts 


——— — = 12:5 ohms, 
20 amperes 


and with 1 ohm as the armature resistance, the values 125, 5°37, 232 
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will give a strictly geometrical ratio (to be afterwards modified). 
The differences between these figures give three sections of resistance 
of 7°13, 3°05, and 1°32 ohms, of which the last is to be modified and 
subdivided into two sections for the parallel arrangement. Іп the 
latter case the internal resistance of motor is "25 ohm, and the total 
resistance forming the other extreme of the geometrical ratio must be 
such that in changing over from series to parallel with this amount in 
circuit, there should be no alteration in speed. Owing, however, to 
the small number of steps provided in the controller it is imperative to 
accelerate speed in changing over, and it is therefore necessary to 
add one to the number of sections required in order to discard the 
“extreme” necessary for the calculation. Thus, the direct E.M.F. 
necessary to overcome the internal resistance of the motor when run- 
ning in the series arrangement is 30 amperes x 1 ohm = 30 volts, and 
the back E.M.F. is therefore 220. In changing over, the back E.M.F. 
is instantly halved —/.е., 110 volts—and the amount of resistance to be 
reinserted without change of speed must be sufficient to absorb 60 
amperes with the direct E.M.F. available. This is therefore— 


250-I10 
60 


Now taking this value as one extreme, the motor resistance as the 
other, and allowing one extra section for discarding the extreme, we 
get 2:33, 1'11, "525, and ‘25. Omitting the first value and taking the 
differences between the remaining three, gives '585 and “275 as the 
values of the two sections of resistance to be employed in the parallel 
arrangement. The sum, ‘86 ohm, is much less than the value 1°32 
already determined for the series arrangement, and some compromise 
is necessary, as these values must be alike. The least alteration 
should be made to the parallel value, and by making these “7 and '3 
and the series values 7:5, 3, and т, а practical subdivision is attained 
without much interference with the length of the peaks. The cha- 
racteristic of this controller, which isa standard tramcar type, is fully 
illustrated in Fig. 3. Any departure from good grading in the 
resistance results in abnormal current demands an objectionable and 
violent acceleration, particularly when the car is light. Such controllers 
are provided with a reversing barrel, thus giving seven speeds in either 
direction, but the author suggests the necessity of a new type giving, 
say, twelve forward speeds and only two backward ones, as a means of 
reducing the current demands to something nearer to the normal 
rating of the motor. The forward contacts at one end of the car 
would, of course, be cross connected to the backward ones at the other 
end of car. 

Mechanically-Operaled | Swilches.—Before leaving the subject of 
metallic resistances, it is necessary to point out a particular modifica- 
tion demanded in starters in which the resistance is automatically cut 
out by the driven machine while accelerating up to full speed. The 
various sections of the resistance are cut out at intervals which are 
inversely proportional to the “instantaneous speed" of the driven 
machine ; and even when the resistance sections form a geometrical 


= 2'3 ohms. 
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ratio, it may happen that insufficient time is allowed between the final 
steps for the current to become steady before the next section is cut 
out, and, in consequence, the peaks in the current curve are super- 
imposed, with the result that the final increment is much greater than 
the initial increment. Where the number of sections is small the 
minimum increment with a geometrical ratio is necessarily large, and 
the final superimposed peaks may be large enough to cause serious 
sparking at the motor, if not also at the switch. This can be com- 
promised by using a diminishing factor from the starting to the 
armature end, and the superimposed reduced increments at the arma- 
ture end will tend towards a uniform current increase throughout. A 
serious objection fo this type of switch is that it is necessary to pass at 
least the full current on the first step in order that the driven machine 
(say, a hoist) may deal with the maximum load, otherwise the machine 
will not start and resistance cannot be cut out. 

Liquid Resistances.—The author now desires to apply the foregoing 
considerations to liquid resistances. There is no doubt that this type 
offers the best solution of all difficulties; and when carefully designed 
affords the most perfect method of control, particularly with reversing 
motors. Most liquid resistances, however, have at least one or two 
defects—i.e. (1) The current cannot be sufficiently reduced when the 
dipping-plate is just entering the liquid ; and (2) the resistance cannot 
be sufficiently reduced with the plate all in before short-circuiting the 
starter, and the consequent rush of current seriously damages the 
switch parts and abnormally stresses motor and machine. Either 
of these defects may be remedied at the expense of the other 
by varying the density of the solution employed. A fallacious method 
of remedying both defects is by making a small projection on the 
dipping-plate touch a similar projection inside the pot, the actual 
surface in contact being frequently less than a square inch. The 
intention is, of course, to reduce the resistance gradually down to 
zero. Owing, however, to the great divergencies in the conductivities 
of the metal pot and the solution employed this object is not attained, 
and when the gap is open only a very short length a large amount of 
energy becomes concentrated in a very small space, and arcing and 
violent ebullition results. A better method of overcoming both defects 
consists of enamelling the pot half-way down on the inside, and 
arranging the dipping-plate to pass between two other plates cast into 
the pot. The enamel compels the current to pass through a greater 
length of solution at starting, and gives much better control. The 
second defect is overcome by the plate arrangement, in which it will be 
seen that the dipping-plate passes close between two others so as to 
reduce the resistance to a minimum by presenting large surface areas to 
each other. The fixed plates are provided with suitable apertures to 
permit free circulation of the solution. Several starters on this principle 
have been in use on large motors for some years, and give no trouble 
whatever, even on 500 volts. 

Regulating Resistances—Before leaving the subject of starting 
resistances a few observations on resistances for regulating purposes 
only will be opportune. In many motor equipments the starting and 
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regulating switches are two entirely distinct pieces of apparatus, 
although constructed on similar lines with similar materials, the only 
difference being that the starting resistance is graded more or less 
correctly, while the regulating resistance is divided into equal sections 
of resistance, and is one gauge of material throughout. Such an 
arrangement gives satisfactory speed variations, and is generally pre- 
ferred, although an independent regulating resistance is not without 
disadvantages, the most serious being that if the switch is moved 
while the motor is running under load, all the violent current demands 
previously shown are introduced. For this reason the author strongly 
condemns the separate regulating switch, and maintains that these 
should be combined with the starter, the gauge of the materials being 
sufficient for continuous running. 

Suggested Rule for Starters.—As has already been pointed out, con- 
siderable divergence exists in the specifications of consulting engineers 
and supply companies as to what is required in a starter, and the 
following suggested rule may prove a base for a more uniform state- 
ment : thus, “Current on first step not to exceed ro amperes, or half 
full-load current, whichever is least, but for motors taking more than 
50 amperes, 20 per cent. of full-load current. The momentary increase 
of current in cutting out any section of resistance not to exceed 
IO amperes, or 25 per cent. full-load current, whichever is least, but for 
motors taking more than 50 amperes, increment may be 20 рег cent. of 
full-load current." In the interests of the purchaser the following 
addition may be inserted: “ The E.M.F. across any section of the 
resistance shall be limited to an amount which shall not cause injurious 
sparking or rapid deterioration of the contacts." 

Conclusion.—' There are many other details of starters which would 
be benefited by an open discussion, such as “motor field connections 
and buffer resistances,” “dissipation versus absorption of heat in and 
about the resistance material," * means for using the whole of the 
material in the final sections and so diminishing the bulk," *qualitv 
and capacity of the various materials employed," etc. ; but the author 
hopes that his arguments for better grading alone may bring about a 
spirited discussion, and draw more serious attention to what is now a 
mere secondary detail of transmission work. 


Mr. К. S. DoBBIE : In speaking of the starting of motors by very 
small increment, I believe some supply companies onlv allow current 
to go up by 5- ог 10-ampere steps, and with this I am quite at variance. 
Just imagine, in an elevator or other device that had to be put in 
motion and stopped frequently, the motor being operated by 5- or 
10-ampere steps when the maximum current to start movement would 
require to be 70 or 80 amperes ; as, for instance, the controllers which 
are used in the Sprague lift on the Central London Railway. There 
are only three or four points which the operator in the elevator can 
manipulate. Imagine what time it would take if 5-ampere increments 
only were allowed, with presumably a pause at each. In many cases 
motors will be found to start better bv the sudden application of a 
large current, say that of full load, so that the slack of belts and gear 
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enable a certain inertia to be obtained. A case in point is one of a 
motor requiring usually 70 amperes to run. On Monday morning, 
when the machinery is stiff from oil not being in the many bearings, 
this motor takes 250 amperes or nfore to start, and it would be a great 
waste of time to go over a very large number of steps in order to effect 
a start when three or four would easily do it. Again a large number 
of steps may be provided, but it would be impossible (without some 
complicated devices) to sweep over a large number of them quickly 
and have practically the same effect as a single step as far as the 
tendency to lower E.M.F. on the circuit is concerned. It would be 
interesting to know if the supply companies referred to have any time 
limit on each step in the use of the starting switch. 

The way in which the author treated the starters made of metallic 
resistances was masterly, and I am sorry he has not dealt more fully 
with liquid switches, although I must say the one he has showed us is 
certainly most ingenious and valuable. One defect has always troubled 
me with liquid switches; they are never made big enough for the 
work they are intended, or rather supposed, to do. I remember an 
instance of a liquid double-pole switch for 300 amperes, I used it as 
a single-pole switch, with all the tanks in parallel for 200 amperes, 
and yet it was not sufficient. 


Mr. C. TURNBULL: One speaker remarked that it was absurd № 


limiting motors to 10 ampere steps, as some motors would not start 
with less than 70 amperes. But station engineers would not care to 
have Central London Railway elevators run from their lighting mains. 
Where the demand for power is great, it is better to have separate 
mains for power. When the power-load goes off, say after 5 o'clock, 
the power mains may be interconnected through switch pillars in the 
town with the lighting mains. и 

Мг. Н. Н. BiGrAND: I am sorry we have not heard any remarks оп 
the starting resistances, of which there are one or two forms in 
graphite or some carbonised material. Mr. Marquand has worked іп 
that direction and has met with an amount of success, though perhaps 
more particularly with arc-lamp resistances ; and I think Mr. Ferranti 
has also had something to do with resistances of the kind. 

Mr. Geo. Клірн: Mr. Gott states that “series motors up to 2 Н.Р. 
can be safely started without resistance in circuit, but only the very 
smallest sizes of shunt-wound motors." He does not state what size, but 
I imagine he places the limit at about 4 H.P. It is quite common 
practice in workshops to start shunt-wound motors up to 1} Н.Р. on 
IIO-volt circuits with a simple switch, no resistance whatever being 
put in circuit, and the motors are none the worse. Of course the 
conditions in a works supplying its own electrical energy are different 
to those taking current from a public company's or corporation's mains, 
and it is possible that the suppliers might object. 

Another method of starting larger motors in a simple manner may 
be of interest, though perhaps not bearing directly on the subject of 
the paper. In the case of some overhead travelling cranes—single- 
motor type—there was a single step of resistance in circuit when at 
rest. This resistance was so proportioned that when current was 
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switched on to the armature and shunt-wound field, not more than the 
full-load current could pass. This resistance was short-circuited auto- 
matically by the motor field-magnets. When the field-magnets 
attained their full strength they attracted an iron armature against the 
pull of a spring, and in moving this armature short-circuited the 
resistance. The time interval of the field attaining full strength was 
about 7 or 10 seconds in the case of a то H.P. bi-polar shunt-wound 
motor, and this time was sufficient tor the motor armature to accelerate 
to its full speed, when started up /igh/, or as nearly light as the con- 
ditions of the belts or gearing permitted. There was no heavy rush 
of current or sparking when the resistance was short-circuited. 

Mr. W. A. CLATWORTHY : I would like to suggest that, where slow 
motion starters are specified, the time which it would take from the 
closing of the circuit to the last contact of the starter should also be 
specified. One can easily see that if a motor is driving an inert load 
and the starter goes on too quickly a very large current will flow, and 
I consider that if the 5- or 10-ampere rule be insisted upon it is equally 
important that a certain period of time should be stated in which the 
resistance is to be cut out. Some information with regard to the 
character and design of resistances, both in regard to mechanical 
strength and to the best form of construction which will ensure them 
being impervious to moisture, would have been appreciated. I think 
these are just as important points in a resistance as correct subdivision. 

In reference to Mr. Gott's remarks on that subject, there are certain 
places where I have found it of great importance that the regulating 
switches and resistances should be quite distinct from the starters, for 
example, small printing machines, etc., where the regulating switches 
are fitted with special locks which can be only opened by a key in the 
foreman's keeping. The foreman then sets the speed of the machines 
to suit the work, and the operator can only start or stop the machine 
and run at the fixed speed as set. 

Mr. J. F. C. SNELL (Chairman): In my own experience wire re- 
sistances are preferable to liquid resistances, taken all round, and for 
these I much prefer galvanised iron wire to alloys. 

We must congratulate Mr. Gott on the elaborate way he has 
analysed this question. It is only by analysing these details we make 
progress, and I am sure you will accord Mr. Gott a very hearty vote of 
thanks. 

Mr. A. E. Gott: In reply to Mr. Dobbie, I venture to state that his 
view of starting motors with only three or four steps of resistance is 
the opposite extreme to those of the station engineers, and I do not 
agree with the practice of switching on large currents suddenly. 1 


maintain that no motor should have more than half its full-load current 


switched on at the first step of the starting-switch, as, being suddenly 
applied, is equivalent to a live load and the mechanical stresses are 
therefore equivalent to the full normal load. By limiting the initial 
current and raising the current gradually to the amount necessary for 
the motor to start, violent stresses are avoided, and it is not good 


engineering to permit abnormal stresses when they can be so casily 
avoided. 
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Regarding liquid resistances, I have not dealt with this type any 
further than refers to the grading of the resistance down to zero. 

Mr. Turnbull refers to the use of separate motor mains, and many 
of you are probably aware that in some towns, Liverpool for instance, 
separate power mains exist, supplying motors of large power. The 
variable load causes a fluctuation of quite 1o per cent., to which the 
supply authorities make no objection. 

In reply to Mr. Bigland, I have not seen many graphite switches 
and have only carefully examined one specimen, in which the total 
resistance was excessive for the motor for which it was designed and 
passed not more than one-tenth of the full-load current on the first step. 
The sections were graded, but insufficiently, and the last section only 
permitted little more than the full-load current to pass with a stationary 
armature. It could only be considered a bad switch. 

Mr. Ralph states that itis common practice to start shunt-motors of 
1 H.P. without a resistance. It of course depends entirely on the 
nature of the load and the amount of inertia in the machinery driven. 
In some cases it would be preferable to dispense with the resistance. 
Mr. Ralph mentions a point in which I think he is wrong. He 
instances the use of a single section of resistance, passing the full-load 
current only, with which it would be impossible for the motor to 
accelerate up to its full speed. [Mr. RALPH: The motor is running 
light.] If running light it would accelerate up to practically full speed, 
the difference being due to volts lost in the resistance with the “no 
load" current. My argument, however, deals with motors under full 
load, and particularly with machinery of great inertia. 

I appreciate Mr. Clatworthy's remarks on the mechanical design of 
starters, but this is outside the argument of the paper and deserves 
separate treatment. | 

Mr. Snell's preference for galvanised iron wire in resistances 
requires qualification. The various resistance materials in use can be 
grouped under three or four heads, each suitable for particular com- 
binations of current and resistance. For large current galvanised wire 
is certainly preferable, but for currents of say 10 amperes and moderate 
resistance, one of the german-silver compounds, such as “ Eureka," 
may be found more suitable ; while for currents of one or two amperes 
and extremely high resistance there are other materials designed to 
obviate the use of extremely fine wires by possessing a much higher 
specific resistance. 

In conclusion I thank you for your appreciation of my paper, and 
must also express my obligation to Messrs. Holmes for necessary data 
on which to base the arguments. 


Mr. Gott. 
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NEWCASTLE LOCAL SECTION. 


ON THE EQUIPMENT OF A MODERN 
TELEPHONE EXCHANGE. 


By F. A. S. WORMULL, Associate. 
(Abstract оў a Paper read at Mecling of Section, February 17th, 1902.) 


After describing the well-known “Series system,” the author pro- 
ceeded to deal with the relay calling and clearing, and the common 
battery system. 

With the relay calling and clearing system, the lines, after passing 
through the test-room, are brought to the jacks in the exchange in a 
manner similar to that described in the series system, the only difference 
being that the two inner contacts of the home section jack are joined 
together and connected to a 250-ohm relay to battery and earth. A 
test circuit described is also somewhat different, the line being engaged 
by means of an extra spring and contact provided on the jack instead 
of by the body of the plug and the third conductor of the cord. I 
might mention that the system of engaging the line is not an essential 
part of the relay calling system. I have elected to describe this method 
as an alternative to the method given on the series system. You will 
notice that on the insertion of the plug the line springs are lifted from 
the inner contacts, thus cutting off the relay and battery, and the test 
spring is also lifted from contact with the test ring, and pushed out- 
wards, and forced in contact with a stud, connected to which is an 
earth battery. The test springs of each jack of the same number in 
the exchange being joined together, and in their normal position in 
contact with the test rings, the current of the earth battery will be on 
the test ring of cach jack in the exchange, corresponding with the 
number of the engaged line, except the test ring of the jack into which 
the plug is inserted. The armaturc of the 250-ohm calling relay is con- 
nected to one side of the battery, and a contact to which the calling 
lamp is brought is provided in such a position that on the relay being 
energised the armature will close the circuit through the calling lamp, 
and for each operator's position a second relay of very low resistance— 
about two ohms—is provided, connected in the return wire common to 
the bank of calling lamps forming that position. The armature of this 
relay is connected to the positive side of the battery, and the contact 
joined to the pilot lamp and supervisory lamp on chief operator's table 
in series; this relay, being in series with all the line relays for the 
operator's position, will respond simultaneously with any one of them. 
From the supervisory lamp the circuit is carried through the night-bell 
switch to the negative pole of the battery ; or if the night-bell switch 
is to the night position, through another two-ohm relay, the contact on 
the night-bell relay being through bell to battery. The night-bell relay 
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is, as its name denotes, for the purpose of giving an audible signal, in 
addition to the visual signal, after the busy hours of the day. 

The operator's connecting-cord circuit is shown in detail on Fig. 1. 
The two tips and two bodies of the plugs are joined together, and 
connections are taken through the listening key, through the ringing 
key, and differentially-wound secondary of the induction coil to the 
receiver, the centre point of which is to earth, through a 2,000-оћт 


simple resistance ; the object of 
this resistance being to reduce 
the amount of current passing 
through the receiver, and con- 
sequently the click, which might 
otherwise be detrimental to the 
operators hearing. It will be 
noticed from the diagrams that 
the operator's receiver in this, 
as in the series system, is in the 
middle of the secondary of the 
induction coil. With the listen- 
ing key in the through position 
the instrument is cut out, and 
the line is bridged by a differ- 
entially-wound retardation coil, 
the centre point of which is 
connected to a 250-ohm relav, 
thence to thc negative pole of 
the earthed battery. The arma- 
turc of the clearing relay is also 
connected. to. the same pole, 
and the relay contact to the 
clearing lamp and earthed side 
of the battery. The microphone 
circuit is also interesting, for, as 
it works off the common battery 
of 24 volts, it requires to be 
specially dealt with to protect 
the microphone from the exces- 
sive current, and for this purpose 
а ібо-оһт retardation coil is 
placed in circuit shunted by a 
condenser of two microfarads 
capacity. 

The subscribers’ instru- 
ments, although not properly 
within the scope of this paper, 
require a little description, for, 


FIGURE I. 


A A are connecting plugs bridged by 
a differentially-wound retardation coil 
B, the centre point of which is connected 
to the clearing relay D; and in its local 
circuit the clearing lamp C is included. 

G is the central source of energy 
common to the whole Exchange. 

F is-the listening key. Н is the 
ringing key. 

I and J are the secondary and primary 
of the operator's induction coil respec- 
tively. 

M is the microphone. 

K is a retardation coil in the micro- 
phone circuit, shunted by condenser L. 

R is the operator's differentially- 
wound receiver, connected to the two 
inner ends of the differentially-wound 
secondary of the induction coil, the 
centre point of the receiver being to 
earth, through а 2,000-оћт resistance 
coil. 

N is the generator for supplying the 
calling-current. 


in addition to the magneto ringer necessary in the series system, a 
special calling-key relay has to be provided (this relay is shown on 


Fig. 2). 


One end of the relay coil is connected to the subscriber's line 


wire, and the other end to the frame of the relay ; a special stud with 


Vor. 31. 


82 
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adjustable contact is connected to earth, and so placed that on the 
armature being depressed by means of the call button, the subscriber's 
line is earthed through the coil of the relay. 

The operation of the system is as follows : A subscriber desiring to 
initiate a call, presses the call button, thus earthing his line as previously 
described. "This draws a current from the central battery, through his 
line relay, over both lines, through the call-key relay. Both relays 
being thus energised, the calling relay is held down, the line signal 
relay being also in operation, causes the lamp in the exchange to light, 
signifying that the subscriber requires attention, the lamp remaining 
alight until the current is removed by the insertion of the operator's 
plug. The cutting off of the current at the exchange releases the 
armature of the line signal relay, and extinguishes the lamp. It also 
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FIGURE 2.—Calling Key Relay. 


A is a movable armature controlled by call button B, and controlling a 
movable contact D for earthing a subscriber's line. 

C is a pole extension piece for retaining the armature A when the relay 
is energised. 

E is a spiral spring for bringing the armature back to zero, when the 
current is removed from line. 


allows the calling-key relay to return to its normal position, thus signi- 
fying to the caller that the operator is on the line. After the number 
has been taken and the connection made, the listening key is put up. 
and the clearing relay is then in circuit. On completion of the con- 
versation either subscriber can give the clearing signal by pressing his 
calling key, which earths the line and draws current from the central 
battery through the clearing relay, through the differentially-wound 
retardation coil to lines, and calling-key relay to earth, thus bringing 
both the clearing relay and calling-key relay into operation, lights the 
clearing lamp at the exchange. "This remains alight until the operator 
pulls down her key, cutting off the central battery, extinguishing the 
lamp, and causing the button of the subscriber's calling key to return 
to normal, thus giving him a visual indication that his line has been 
cleared. With this system it is possible for any two subscribers to 
convert their exchange line into a private line—that is to sav, after 
obtaining communication with the desired number, thev can ring one 
another by means of their magneto-generators without actuating the 
clearing lamp at the exchange, but either of them can obtain the atten- 
tion of the exchange by pressing their call button. 

The number of movements necessary on the part of the operator to 
effect connection by this system is four—viz.: (1) insert plug and 
answer ; (2) insert corresponding plug in number wanted; (3) press 
button to ring subscriber; (4) put up listening key ; and for a dis- 
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FIGURE 3.—Showing the Connections of the Line on the Central-battery 
System, the Speaking-circuit being distinguished from the Signalling- 
circuits by Continuous Lines. 


A is the test-board. 

E are tabs on the distributing frame. 

B is one of the jacks on the multiple of the switchboard. 

C is the home-section jack. | 

D is the line signalling lamp corresponding to the home-section jack С. 

F is the line-signal relay. G is the cut-off relay. 

H are the cut-off springs controlling the circuit through F. 

I is the resistance-coil shunting the signal lamp. 

J is the night-bell relay, which also controls pilot lamp. This is common 
to the whole of one operator's position. 

K is the battery common to the whole of the Exchange. 
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connection, two: (r) pull down listening key, thus putting out the 
lamp; (2) pull out cords. The current necessary for working this 
system is obtained from an 11-cell accumulator, charged by preference 
by a motor-generator working off the town mains. It is necessary, 
of course, to duplicate both the battery and the motor-generators, so 
as to avoid the possibility of a failure of current due to breakdown of 
the generators or accident to the batteries. 

The third system is what is generally known as the Western 
Electric common battery relay switchboard, in which system the current 
both for signalling and for speaking is supplied from the central source 
of energy, thus removing from the distant station one of the most 
fruitful sources of trouble—viz., the battery for working the trans- 
mitter. The lines, after passing through the test-room, are brought 
to a distribution frame. This consists of a series of double tabs, 
arranged in groups of three in blocks of 60 on the one side and in 
groups of four double tabs in blocks of 80 on the other. These blocks 
are supported on an iron frame, one side in horizontal rows and the 
others vertically. Тһе two өсі of tables are held about 3ft. біп. apart, 
and insulated rings are provided midway between them. The lines 
from the test jacks are brought to the horizontal side of the frame, 
and cables from the multiple of the switchboard are brought to the 
same set of tabs and soldered to one side, the cable from the switch- 
board containing 63 wires laid up in threes, the odd wire being that 
in connection with the test circuit. From the four-way double tabs 
on the vertical side cables are led to the home section jacks and calling 
lamps, and also to the relays controlling same, four wires for each 
subscriber's circuit being taken to the switchboard—viz., two to the 
line springs of the home section jack, onc to the test circuit, and 
a fourth to the calling lamp. Four wires arc also carried to the relay 
frame, two from the line tabs to the cut-out springs of the cut-otf 
relay, one from the test tab to the winding of the cut-off relay, and the 
fourth to the calling-lamp contact on the line relay. It will thus be 
seen that the lines on the horizontal side of the distribution frame arc 
arranged in numerical order, or similar to that of the multiple of the 
switchboard, and on the vertical side in order of the home section 
jacks and calling lamps. The object of this distribution frame is to 
enable the work of each operator's position to be equalised by distri- 
buting the very busy subscribers equally between the operators’ 
positions. This is done without disturbing the numerical arrangement 
of the subscribers over. the multiple. The fact of the subscribers not 
being in numerical order on their calling lamps is not important, as 
the calling lamp of each subscriber is placed adjacent to his home 
section jack, and all connections with the numbers wanted are made 
on the multiple. 

The second use of the frame is to provide a convenient point at 
which the wires between the home scction lamps and the relavs 
and the lines from the testboard and the multiple can be joined. The 
distribution of the lines over the operators’ positions is made by three- 
conductor cable, each wire being separatcly insulated, and the whole 
covered with an asbestos braiding. The three wires are coloured 
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green, pink, and purple respectively, the green and pink being 
soldered to the line tabs, and the purple to the test tabs on the 
horizontal side of the frame. They are then passed through the 
insulating rings corresponding with the operator's position on which the 
subscriber's calling lamp is situated, and soldered on to the first three 
tabs, which are connected to the two lines and test of the home section 
jack. The relays are fixed on an iron frame in the same room, and 
arranged in bays and in rows of ro, the line and cut-off relays being 
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FIGURE 4.—Connecting-cord Circuit with Common Battery System. 


A A are connecting plugs. 

С are the supervisory lamps controlled by the supervisory relays D and 0". 

В is the listening key. Н is the ringing key. 

I and J are 83-ohm coils. K K are 40-ohm coils. 

F and F are two halves of repeater coils. С is the battery common to the 
Exchange. 

M is the calling generator. L is the resistance lamp in the generator 
circuit. 
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fitted on the same base plates. These are arranged in the same order 
as the vertical tabs on the distribution frame—viz., in the order of the 
home section jacks on the operators’ positions. I have a sample of 
the line and cut-off relays here, but perhaps they deserve a short 
description. 

The line rełay consists of a single coil wound to a resistance of 
83 ohms, and in front of the free end of which is a disc armature, 
turned to a knife-edge, and balanced in a slot in a piece of iron, which 
forms an extension to the pole of the relay nearest the base plate, the 
disc being controlled by a regulating screw through the centre. In 
the front of the relay a contact point is provided, to which the calling 
lamp is connected, and in such a position that when the armature is 
attracted a circuit is formed through the disc armature and the 
contact point referred to. 

The cut-off relay is slightly more complicated. It consists of an 
electromagnet wound to a resistance of 37 ohms. The pole-piece of the 
free end of the magnet is extended, and bent at right angles, so 
as to be parallel with the core, and overlapping the outside of the 
bobbin. A flat armature is supported on a pole-piece fixed to the base- 
plate end of the magnet. Parallel with the armature, four spring 
contacts are fixed normally in contact in pairs. The outer springs are 
controlled by insulated studs on the armature, so that when the relay 
is energised, the two pairs of springs are lifted apart and the line 
signal circuit broken. 

The repeater coil, which is placed between the battery and the 
connecting cords of the operator's set, consists of four coils of equal 
resistance (37 ohms) wound in pairs round an iron core, the two coils 
to the positive side of the battery to which the tips of the cords are 
connected being wound on the right-hand side of the core, and the two 
negative coils, or those connected to the rings, on the left. The two 
wires of each pair, being wound on together, are equal in the number 
of turns, and also equidistant from the core. The object of this 
repeater is to divide the cord circuit into two parts for signalling 
purpose, without interfering with the efficiency of the speaking circuit. 
The 63-wire cable from the horizontal side of the distribution frame is 
carried through multiple of the switchboard, first to the jacks on the 
junction section, then on to the subscriber's sections, in a manner similar 
to that described in the series system. The jacks, however, in this 
system differ from those previously described, the lines being carried 
through the board in parallel, so that the insertion of a plug in the first 
jack of the multiple will not disconnect the remainder of the board. 
The advantage claimed for the parallel jacks over the series jacks is 
that the number of loose contacts in the circuit is reduced. The test 
circuit in this pattern jack, as in the former, is completely insulated 
from the line springs, and extended so as to pass through the winding 
of the cut-off relay. The home section jacks and lamps are arranged 
in groups of 1oo, each group forming an operator's position, and 
immediately in front of which the operator's connecting cords and 
supervisory lamps are placed. The operator's set and connecting-cord 
circuits are very much more complicated in this svstem than in cither 
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of those previously described. Three-point plugs are used in 
conjunction with three-conductor cords, a combined ringing and 
speaking key, special repeating coil and relays for controlling the 
clearing lamps. | 

The connecting-cord circuit is as follows: From the tip of the 
answering plug connection is taken through the coil of the relay 
controlling the supervisory or clearing lamp of the answering plug, 
through one-half of the repeater coil to the relay controlling the clear- 
ing lamp of the calling plug, 
thence through listening key to 
tip of calling plug, from the 
ring of the answering plug 
through the other half of the 
repeating coil, through listening 
key back to ring of calling 
plug, from the body of the 
answering plug through the 
answering plug clearing lamp, 
to an 83-ohm simple resistance 
coil, thence to negative side of 
battery ; from the body of the 
calling plug, through the calling 
plug clearing lamp, through 
83-ohm coil to battery. There 
is an alternative path for the 
current from the battery to body: 
of plugs through a 40-оћт simple 
resistance, this path being con- 
trolled by the armature of the 


C 
CODE 


FIGURE 5.—Connections of Subscri- 


supervisory relays. 

In order that the calling cir- 
cuit may be followed, a short 
description of the subscribers’ 
instruments must be given. 
These consist of a specially- 
wound induction coil, having a 


bers on Central Battery Instruments. 


A is the microphone. 

B is the high-resistance magneto- 
bell bridged across two lines through 
condenser C. 

K is the switch-hook, which auto- 
matically closes the primary and 
secondary circuits on the removal of 


ratio of I to 2, transmitter, 
receiver, switch-hook, magneto- 
bell, and a two-microfarad con- 
denser, joined up as shown on 
Fig. 5. It will be seen that when the receiver is on the hook the 
circuit is open as far as continuous currents are concerned, but a 
circuit is available for alternating currents through the condenser and 
magneto-bell. When the recciver is off the hook, the two lines are 
short-circuited through the 15-ohm primary and transmitter. 

А subscriber's calling circuit is as follows: From the “А” line 
through cut-off springs on the cut-off relay, to winding of signal relay, 
to negative side of battery. From the“ B" wire to cut-off springs on 
cut-out relay to positive side of the battery. А subscriber removing his 
telephone from the hook closes the circuit through the low resistance of 


the receiver. 
I and J аге the primary and secondary 
of the induction coils to L the receiver. 


Mr. Snell. 
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his primary, thus energising the signal relay, which closes the local 
circuit in which his signal lamp is connected, indicating to the operator 
that he requires attention. On the operator inserting the answering 
plug the cut-off relay is energised by the current from the body of her 
plug, passing through ring of calling jack, through the winding of cut- 
off relay, to positive side of battery. The lifting of the armature of the 
cut-off relay forces the cut-off springs apart, thus breaking the circuit 
between the subscriber’s line and calling relay and extinguishing the 
signal lamp. The number wanted being ascertained the operator takes 
the corresponding calling plug, and taps on to the ring of the jack of 
the number asked for, and if her receiver remains silent inserts the 
plug. The current on the body of the calling plug causes the super- 
visory lamp to light, which remains alight until the wanted subscriber 
removes his telephone from the hook. The supervisory lamp of the 
calling plug is extinguished when the supervisory relay becomes 
energised by the current drawn from the battery through the ring of 
the plug, through the primary of the subscriber’s instrument, back to 
the tip of the plug and battery. This shunts the current from the 
supervisory lamp through the alternative path before mentioned ; or, in 
other words, the insertion of the answering plug cuts the line relay out 
of circuit, and inserts the supervisory relay for the reception of anv 
subsequent signal from the calling subscriber. The insertion of the 

calling plug cuts the circuit of the line relay of the wanted subscriber, 

thus preventing a call being given on the home section lamp, when he 

removes the receiver from the hook to reply to the call. The super- 

visory lamp of the cord circuit now becomes his means of signalling 
with the exchange. On a connection being completed, and both 
supervisory lamps extinguished, the operator knows that the two 
subscribers are in communication: the hanging up of either ot 
the subscribers' receivers will cause the lamps to light, and when 
both lamps are alight the operator knows that the conversation 
is completed, and proceeds to withdraw both plugs without chal- 
lenging the line, which restores the line calling relays to their 
normal position. 

The number of movements to effect a connection in this system is 
four—viz: (1) insert plug and answer ; (2) insert corresponding plug 
in number wanted ; (3) ring subscriber wanted ; (4) replace listening 
key ; and for a disconnection, two: (1) pull out plugs; (2) pull over 
listening key. 

The current for working this system, although normally taken from a 
set of 11-cell accumulators, is actually, during the busy hours of the 
day, taken direct from a specially-wound dynamo, with the acumulators 
bridged across the discharge mains, the unutilised current from the 
dynamo being absorbed by the cells. The dynamo is a six-pole shunt- 
wound machine, driven at r,ooo revolutions per minute, capable ot 
giving a current of 200 amperes at 30 volts, and is coupled direct to a 
12-H.P. four-pole shunt-wound motor, running off the town mains. 

Mr. J. F. C. SNELL (Chairman): I am sure you will all join in a 
hearty vote of thanks to Mr. Wormull for his excellent paper, the first 
of its kind read before this Section. 
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Mr. ALEXANDER Moir: Mr. Wormull has stated that telephony was 
progressive, and I think he has proved that, whatever else may be said 
about the National Telephone Company, those who are responsible for 
the direction of its engineering policy have not fallen asleep. For 
example, six years ago a paper on telephone exchanges was rcad 
before the Institution by Mr. Sinclair, Engineer-in-Chief to the 
Company ; he then found it necessary, in making reference to the 
arrangements within the exchanges, to mention frequently single-wire 
telephone circuits. Mr. Wormull has not done so, and we may 
therefore assume that this rather imperfect system has passed out of 
existence. Again, the most up-to-date system in 1896 was that first 
mentioned in Mr. Wormull's paper to-night : so that the newest in 1896 
has become the oldest in 1902. 

Mr. Wormull laid down the conditions which should regulate the 
designing of a telephone exchange, and we find no fault with these. 
Where complication is necessary it is better to have it at the exchange, 
under the eyes of skilled people, than at the renter's office. He was, 
however, careful not to express preference for any of the three systems 
he described, and in this he was prudent, for in telephony,as well as in 
other things, it is well to be fully on with the new love, to get to know 
as much as you can about her, before you say goodbye to the old. 

There is no doubt that the common battery system which Mr. 
Wormull described last, has gained a considerable foothold in this 
country. The Post Office have decided to adopt it in London, and it is 
being introduced in several of the Company's exchanges, but whether 
it will supersede all other systems remains to be seen. If they have to 
do so, the National Telephone Company will say goodbye to the magneto 
ringer with much regret. Iam in sympathy with the automatic calling 
system, which has been used bythe Post Office for, I may say, a genera- 
tion, but I have always thought that the magneto ringer was an instru- 
ment which peculiarly appealed to the, shall I say, “еуі” temper of the 
telephone user. With the automatic call system, should a few seconds 
elapse before the exchange answers, it is trying to the patience of a 
subscriber, the reason being that the whole of his energy is focussed 
in straining to hear the operator's voice; seconds seem as minutes. But 
give him something to play with, a handle to turn, and he will remain 
happy for quite a long time. I should like to have heard a few words 
in connection with extension circuits connected to the common battery 
system, but probably this hardly comes within the scope of the paper. 
At some future time some of our members may take this and other 
accessory subjects up, such for example as the party line circuit and 
junction line equipments. 

Мг. C. TURNBULL : Some years ago I invented an electric bell 
which I submitted to the Telephone Company, who approved of it. 
I was pleased to find to-night that it was Mr. Wormull who had 
reported well on it. Unfortunately I found it impossible to get 
English manufacturers to take any interest in a bell that was different 
from what they were accustomed to, although I understand that the 
Americans are going in for it. It appears to me that to deal with 
intricate work, such as Mr. Wormull deals with, a style of education will 
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be needed quite different from the medizval training now given to 
schoolboys, and the sooner it comes the better. 

Mr. A. E. Gorr: I gained some knowledge of exchanges, as then 
constructed, in the early 805, and I am much impressed with the 
marvellous development which has been made during the last few years. 
It may be of interest to describe the arrangements in use at the time 
referred to. The exchange as then constructed was very simple indeed. 
The line wires, after passing through the test board and lightning 
arresters, were led to a switchboard consisting of very ordinary drop. 
indicators, and thence through suitable contact springs to earth. The 
operation of answering a call consisted of inserting a plug, with flexible 
cord attached to operator's circuit, into a receptacle below the indicator 
thereby disconnecting the earth and placing the operator in communi- 
cation with the subscriber. Having ascertained the required number, 
the operator's plug was withdrawn and a flexible cord, with a plug at 
each end, was used to connect the two subscribers. These plugs were 
differently constructed in such a manner that one subscriber's indicator, 
was left in circuit for the purpose of calling off by the ringing current 
when conversations were completed. Such a system was limited to two 
or three hundred subscribers, and the connecting cords caused great 
confusion. The most serious objection was in the cords, which 
frequently developed complete breaks between the plugs, with the 
result that both subscribers were shut off from each other and the 
exchange, and generally remained so until onc or both made a personal 
call on the manager. 

Mr. J. F. C. SNELL (Chairman): I should like to congratulate Mr. 
Wormull upon the very evident care which has been taken with this 
paper and the amount of detail he has put before us. І should like 
also to say that the Sunderland exchange, which I had the pleasure of 
going over some little time ago with Mr. Wormull, is really a model of 
neatness, and far from station engineers having a contempt for men 
who go in for telephony, it seems to me they have much to learn from 
them. Many of our engineers in high positions now have been tele- 
phone engineers, and certainly telephony appears to be a good “ step- 
ping stone to higher things." The Sunderland board was changed over 
from the old system in two hours, the number of connections being 
1,160. Another thing which struck me very much was the absolute 
quietness. One could hear a pin drop in this particular room. I left 
feeling a very much greater admiration for telephone work and tele- 
phone people generally. 

Mr. A. W. HEAVISIDE : I stand as опе who has had experience of 
both electric light and power switchboards and telephone switchboard, 
and I can warn all those who have never touched telephony never to do 
so unless they are prepared for a considerable mental effort. It requires 
ability of the highest order to manage a large number of circuits of 
varying use and of varying length, so that every contingency is auto- 
matically provided for, including the stupidity of the public and the 
operator. No game of chess, however complicated, can give any idea 
of what it is to design a telephone equipment whose antennz shall be 
both near- and far-reaching, sometimes merely circulating to a sub- 
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scriber's office in the next street and sometimes to one in a foreign 
land. There is in chess no time when you move one pawn that it does 
not affect the ultimate result. Similarly in telephony any variation, 
however innocent it may appear at first sight, may make or mar the 
whole design—only those who have been through the mill know what 
it is, and as for putting telephony upon a lower level than electric 
lighting, I venture to say that the highest form of all electrical know- 
ledge has been found in connection with telephony. It is the most 
refined application of electricity known. 

Mr. F. A. S. WoRMULL (in reply): Mr. Moir has referred (о: а рарег 
read by Mr. Sinclair about six years ago, where he dealt partly with 
single-wire systems. Even at that date there were very few towns 
working on this system, and these have since been metallic-circuited, 
the reason for the metallic circuits not being then introduced were 
political, and for these the telephone engineer was not responsible. The 
self-restored indicator system, in view of the second and third systems 
I have described, is decidedly out of date, and I do not know of any 
exchange in the country into which it is being introduced, although 
some of the older exchanges fitted with these indicators may be 
extended on the same principle. On the series system I was in hopes 
that we should have had some considerable discussion, as considerable 
divergence of opinion exists amongst telephone engineers as to their 
respective merits, and numerous experts affirm that with the series 
system, owing to the number of movable contacts in circuit, the liability 
to faults is increased ; and this was so in the older pattern of spring jack, 
where brass contacts of large superficial area were included in the 
circuit, but with the newer patterns of series jacks, where you have 
platinum points making contact with platinum studs, this trouble is 
almost entirely absent. I have had a series of tests taken on a switch- 
board where sixteen jacks are in a series, with about 160 yards of 
switchboard cable, and the resistance of the circuits did not vary more 
than 1 ohm. With the series jacks it is possible to simplify the 
apparatus by dispensing with the cut-off relays and their attendant 
complications; you are also enabled to localise faults through the 
multiple much more readily ; youalso prevent the possibility of a triple 
connection. With the parallel jacks the risk of faulty contacts, due to 
dirt, is entirely overcome, but with this system it is possible for more 
than two subscribers to be connected to the same line, in addition to 
which faults occurring on the multiple of the switchboard are more 
difficult to localise. Owing to the impossibility of inserting a plug, to 
cut off the rest of the switchboard one has to rely on the more delicate 
test of the differential recciver for the localisation of the fault. I am 
glad to notice the Post Office are adopting a similar common-battery 
system to those already adopted by the Company, and I trust that it 
will fulfil their expectations. With regard to Post Office automatic 
clearing, there is a very great difference between the old automatic 
system used by the Post Office in this town and a modern central- 
battery system. With the former I believe special batteries of large 
size have to be provided at the subscribers’ offices, whereas in the 
modern system the energy is obtained from a central source, and 
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мао batteries at the subscribers’ offices are entirely dispensed with. The 
` question of extension circuits on the central-battery system does not 
properly come within the scope of my paper. 

In reply to Mr. Turnbull, I believe my Company also find consider- 
able difficulty in obtaining from English manufacturers apparatus of 
the necessary standard, but of late years a very great improvement is 
noticeable in this respect. 

Mr. Gott has referred to stormy interviews with subscribers ; but it 
is from complaints received from our subscribers that we are able to 
gauge the efficiency of our service, and we are therefore always pleased 
to interview a subscriber when he thinks he has cause for complaint. 
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MANCHESTER LOCAL SECTION. 


THE CONSTRUCTION OF HIGH-TENSION CEN- 
TRAL STATION SWITCH-GEARS, WITH A 
COMPARISON OF BRITISH AND FOREIGN 
METHODS. 


By HENRY W. CLOTHIER, Associate Member. 
(Paper read at Meeting of Section, February 18, 1902.) 


In the earlier years of our industry the switch-gear at a central 
station was regarded as a comparatively unimportant item. Electrical 
engineers gave prominence to the steam raising department, to the 
generating plant, and to the distributing system. 

As time went on, however, the necessity of paying greater attention 
to the controlling arrangements became more evident. There are 
many instances on record where faulty switch-bodrds and connections 
thereon have introduced unforeseen disasters, which have included the 
loss of life, destruction by fire, and very frequently the discontinuance 
of the supply to the works and to the consumers. Such experiences as 
these are not only costly in themselves, but they have a tendency to 
check the growth of our industry by fostering a lack of confidence on 
the part of the general public in electricity as applicd to power and 
lighting purposes. | 

The manufacture of switch-gear is now considered a distinct branch 
of electrical engineering, and the user recognises it as the centre of the 
whole system. He desires it to be an ornament to the station, on which 
special care is taken in the design, erection, and upkeep, so that it will 
be an example of utility, security, cleanliness, and general order to the 
rest of the equipment. 

Engineering firms have established separate switch departments 
and they now compete with one another for contracts, the extent of 
which was unthought of but a few years ago in this country. The 
introduction of high-tension multi-phase power transmission schemes, 
with generating stations and numerous outlying sub-stations, equipped 
with converters, rotary or static, have created a demand for extensive 
controlling devices, which at the present time attain a value of from 
£30,000 to £70,000, according to the methods adopted by the several 
contractors. 

It is the object of this paper to deal briefly with the broad outline 
of central station switch-gear practice, for alternating currents, and at 
the same time to meet the request of the Council of the Institution, to 
illustrate the main features in design of the apparatus produced in 
Germany as compared with our home productions. 

The scope of this paper will be limited to a discussion on broad 
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principles rather than matters of detail, the way in which the com- 
ponents are assembled rather than the individual parts themselves ; 
also since the limit of pressure in this country is about 11,000 volts, it 
will be of sufficient interest for the present to consider only those 
equipments which are in general use for that or lower voltages. 

The functions of the switch-gear are, of course, familiar to you: 
but before proceeding, it will perhaps be well to recapitulate the chief 
considerations to be borne in mind by the designer :— 

(1) The entire energy of the electric supply system is concentrated 
on the switch-gear and controlled therefrom, much as the heart con- 
trols the circulation of blood in the human body. It receives cable 
connections from the generating plant, and distributes the energy, 
transmitted by them, into the outgoing main feeders, which in their 
turn supply the districts covered by the system. 

(2) It must embody arrangements for coupling or disconnecting 
any of the various members of the system, whether on the generating 
or the distributing side. 

(3) It must be provided with devices which will isolate any part of 
the system on which a fault may arise, that would disturb the supply 
and cause damage to the affected part, or to any other part of the 
system. 

(4) The apparatus must be capable of cutting off any machine or 
feeder, whether automatically or by hand, in such a way that no 
destructive arc will occur to damage the apparatus itself. It is also 
essential that the operation should not cause rises in potential 
sufficient to break down the insulation of the cables, or to injure апу 
of the equipment on the system. 

.(5) It must be furnished with measuring instruments for indicating 
the pressure and current of the energy generated and distributed. 

(6) Devices must be included for synchronising the generators, and 
for regulating them to keep up the supply at a constant potential to the 
consumers. 

(7) The above parts must be assembled and constructed in a wav 
that will afford the greatest security to the operator, and also to anv 
other person who may be engaged on or near the gear, for repairs, 
adjustments, additions, for cleaning, or any other purpose. At the 
same time it should be so designed, that it is only necessary to rely 
upon a minimum amount of skill and caution on the part of the persons 
so engaged. 

PART І. 


NOTES ON GENERAL CONSTRUCTION. 


The apparatus used, although of so many different designs, can be 
broadly classified under two very simple headings, viz. :— 


SwiTCH-GEARS WITH BACKS AND SwiTCH-GEABS WITHOUT Backs. 


There are, of course, exceptions; but these headings serve the 
further purpose ‘of generalising a distinction between the popular 
modern designs produced abroad and at home respectively. The 
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word “back” is used in its widest sense, to define the space occupied 
behind a board, or in a basement, cellar, or any place out of sight of 
the station operators. Constructions with backs can be sub-divided 
into the following types for the purposes of this description, г.с. :— 


FLAT BOARD, MULTIPLE FRAME, CUBICLE, BASEMENT, AND 
KEYBOARD TYPES. 


Those without backs will be described as :— 
WALL SURFACE, HINGED PANEL, PILLAR AND CELLULAR ТҮРЕ, 


Flat Board Tyfe.—This very common construction consists of 
panels of marble or 


slate fixed in vertical / 

positions by bolts ог % | 
screws to a metal or UM 

wooden framework, NV PI | 
which is tied to the Y NE ! 


wall and bolted to 2/74 


the floor. The board AN N | 

formed by these verti- ANRC анан \ е 

са! slates divides а ANN. a > 

space off from the а Ki | 

engine room, the space Ж lE ТЕКА 
or “back” affording 52 | l. _ Instrument 
room and facilities for „У ul 

storing away and con- | equlatin » 

necting up the several WS : Res ^r 

apparatus required. б 9 poe Main Switch 
This type was used DSi оу E 

almost exclusively in 225 | М 

carly stations їп this | ПИ 

country for the small 2} | TA 

units which were then 22. 2 | | 

generally | installed. (ё | 

Fig. т serves to illus- 25; id Bn. Regulator 
trate the arrangement А S | Е: : 

of а machine panel >” ww |; | 


constructed on this ЖН 


E cd ; OE BEES CECT Cara GE ~ 
principle. It will be 


YS 
seen that the switches, К< 


fuses, etc, were flal Board Type Suntchboard 
dangerously mounted 
on the front, with Fic. т. 


terminals projecting 

through to the back, joined up by cable connections. It is unnecessary 
to state that the risk to the operators of this type of board was recog- 
nised many years ago, and switchboards were made (notably the well- 
known Siemens and Lowrie Hall type) on which all high-tension parts 
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projecting through the front were covered by cups of porcelain or 
other insulating material, so that it was difficult to make accidental 
contact with them. But although the front of the board was then 
comparatively safe, the “backs” were always a source of anxiety. 
They were usually complicated by a chaos of inflammable cable con- 
nections, particularly where the board was designed for “independent” 
running on a double-pole system, in which each circuit panel was pro- 
vided, in duplicate, with cable connections from each pole of each 
generator. Тһе cable connections naturally increased the chances of 
fire, and also the extent of the damage in the event of a fire starting. 

Many improvements have been made, such as covering up prominent 
parts of the frame with insulating material, by allowing very little space 
at the back, and by replacing the rubber cable connections between 
the terminals of the various appliances with carefully braided copper 
strips ; but in regard to English practice it can be truly said that the 
type in question has caused so much trouble that it is now practically 
extinct among our home productions for high-tension alternating- 
current stations. No recent examples have been installed by home 
manufacturers, but on the other hand a large majority of the type 
originally installed in early supply systems have, at no small expense, 
been changed for switch-gears without backs, which will be described 
later. 

Considering these experiences at stations generating at about 2,000 
volts pressure, which has been a very usual voltage for lighting systems, 
one would not expect the larger power transmission schemes now 
becoming universal, generating at voltages from 5,000 to 7,000, to 
accept this type of board. Consequently, it is interesting to observe, 
as an example of Continental practice, the method adopted at the 
Kensington and Notting Hill Supply Company's station at Wood Lane, 
which reintroduced the type into this country. Fig. 2 represents a 
section through a соо kilowatt 5,000 volt three-phase generator panel. 
Here live fittings are exposed only at the back and top, the front being 
quite free from any high-tension metal work. With the exception of 
the main switches and the 'bus-bars, the connections are contained in 
a cage of iron meshing, and, it is needless to add, that the main switch 
coupling the panel to the 'bus-bars must be locked off before any one 
is allowed to open the cage door, shown on the drawing. Figs.3 and 4 
clearly show the disposition of the instruments, as seen from the front 
through a hole in the marble slab ; the main fuses of a tubular pattern 
mounted on insulators fixed to a metal frame, the levers operating the 
main switch, the regulating resistance at the base, and the cable con- 
nections which, though numerous, have been neatly arranged. 

An American example of three-phase extra high-tension switchboard 
in use at the Glasgow Electric Tramways generating station may be 
termed a modification of the flatboard type. Figs. 5 and 6 represent 
front and back views of this 6,500 volt dynamo board. In the former 
view the low-tension connections to the instruments on the dynamo 
panel can be traced on the panel to the left. The 'bus-bars seen in the 
illustrations are the roo volt exciter connections. No attempt at 
covering high-tension fittings has been made, but, as a precaution in 
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design, all high-tension conductors are placed at the top above the 
heavy cross girders seen іп Fig. 6, at a height not less than 10 ft. from 
the floor level. All measuring instruments mounted on thc front are 
of the transformer type, the transformers being also mounted out of 
reach from the floor level. The main switches seen in Fig. 6 are a 
carbon break type, and are arranged in compartments between marble 
slabs. 

It is unnecessary to cite the many Continental and American switch- 
board constructions and the numerous methods of arranging details 
to show that, abroad, the “ lat-board " type is very commonly used for 
high and extra high voltages. The main idea in the design of these 
boards has been to make them safe to the operators from the front, and 
presumably to expect a high degree of skill and caution from those who 
may be engaged on any other part of the gear. 

The Multi-Frame Type.—This construction, shown іп Fig. 16, consists 
of a marble front mounted in a metal frame carrying switch handles 
and instruments similar to the flat-board type, but the back of these 
panels is used only for the exciter connections and low-tension instru- 
ments. A separate and distinct skeleton frame-work with a clear space 
around it and a passage between it and the front frame, carries all 
high-tension conductors, including fuses, switches, 'bus-bar, instruments, 
transformers, etc. A somewhat similar type, constructed by the 
Allgemeine Co., is in use at Berlin for their three-phase svstem. 
Although this construction covers a greater floor space than usually 
convenient, it has its advantages when compared with the previous 
type, in that the high-tension conductors are spread over a larger 
surface, and there is room enough to get at them from all sides. 

Cubicle Tvpe.—For feeder switch-gear the Westinghouse cubicle 
type, as applied at Glasgow, should be mentioned. The construction 
shown on Fig. 7 consists of sets of four complete three-phase panels 
placed back to back in two pairs, each set of four panels enclosing a 
space, forming as it were a chamber, on the walls of which are mounted 
the main cable junction-boxes and the low-tension instrument con- 
nections, ctc. Like the dynamo board at the same station no exposed 
high-tension connections are within reach from the floor level; but 
thev are visible on the illustration above a horizontal marble slab, 
which forms a roof to the chamber. This useful method splits up 
the usual back into a number of chambers, which can be readilv 
inspected by the attendant in passing from one section to another. 

Basement Tvpe.— There are several types of supply station apparatus 
on which the dynamo or circuit high-tension gear (sometimes both) is 
mounted in compartments below and above (generally below) the atten- 
dant's platform. The switches are controlled either by chain gear or 
by a mechanical arrangement of levers and links. The Helios switch- 
gear at Dresden is a notable instance of the latter. Fig. 8 represents a 
section through a dynamo panel showing a plug type mercury contact 
main switch controlled by a system of railway signalling levers from 
the platform. Еасһ-тасһіпе is furnished with other similar levers for 
regulating, synchronising, etc. Directly behind these levers is a metal 
column containing all instruments and connections thereto, 
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The Keyboard Type.—Fig. 9 represents a section through the plat- 
forms and galleries showing the relative positions of the main parts 
of the construction, an example of which is to be seen in the gene- 
rating station of the Metropolitan Street Railway Co., at New York, 
where switch-gear is at present installed for controlling eight 
3,500 kilowatt units at 6,600 volts, three-phase. On the first gallery 
will be seen a keyboard, with small switch handles arranged in such 
order as to represent a diagram of connections. An instrument panel 
is supported on a metal framework behind the keyboard. The 
main dynamo switches, in duplicate (as a precaution against one 
failing to operate) are supported on a second gallery, which also 
carries the main 'bus-bars covered by a brickwork erection. The 
switches are controlled by a pneumatic cylinder, the valves being 
operated by electric relays from the keyboard on the gallery below. 
Later designs replace the pneumatic cylinders by a system of electric 
motors. Whether they find it is satisfactory to have such important 
work dependent on the delicate pneumatic and electric auxiliary 
gear, irrespective of the initial cost of this design, I am not able to say. 
But obviously this objection is met by the method of duplicating the 
switches in series with each machine. 


SWITCH-GEAR WITHOUT Backs. 


Wall Surface.—Fig. то illustrates the type of switch-gear con- 
structed at Deptford in 1888, the first station in this country where 
power transmission on a commercial scale was attempted. Althoogh 
in designing this station for 10,000 volts Mr. Ferranti was at least ten 
years before the times, yet the switch-gear then installed has certain 
advantages not to be found in many of the modern designs. 

It will be seen from the drawing that the general idea was to sup- 
port the extra high-tension conductors on porcelain or ebonite insulators 
mounted directly on to the surface of one of the walls of the station. 
Thus all connections were visible and easily traced by a person 
standing on the platform. To prevent arcing between adjacent con- 
ductors a liberal area of wall was occupied, and slate or marble 
partitions were set here and there in the wall at places where the 
clearances dividing parts of different potential were limited. Each 
panel can be isolated from the main inner 'bus-bar by the removal of a 
plug with the aid of a long insulated hook. The main switches are of 
a long spring-break tvpe, the machines being entirely controlled by 
levers mounted on the platform. Thus, although the operator has 
always a clear view of all his connections, yet they are so far out of 
his reach that he cannot make accidental contact with them in the 
ordinary course of his duties. 

Pillar Tvfe.—This type also deserves a place in the front rank of 
English designs, the best known being that designed by Mr. Raworth 
many years ago and constructed by the Brush Co. There was one 
complete unit of switches, instruments, ctc., for cach gencrating plant, 
enclosed in a pillar as shown in Fig. 11. The illustration in question 
represents a view of a dynamo pillar with water-break switch at the 
top controlled by a handle protruding from the front at a lower level. 
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The merits of the design, however, have not been confirmed in actual 
practice. In fact, as stations grew in size the system appears to have 
been found inconvenient and costly, with the result that the pillar type 
has become almost obsolete in England. 

Hinged Panel.—This ingenious construction, invented by Mr. Cowan, 
consists of an arrangement by which the vertical panels supporting the 
high-tension switches, instruments, and fuses can be hinged from the 
bottom. The operation of unhinging disconnects the entire panel 
from the ’bus-bars, and affords ready access to the connections. This 
type, though very serviceable for small units, becomes difficult in 
construction when larger units are to be controlled ; but Fig. 12 shows 
the method applied to meet the requirements of larger units by mount- 
ing the switch solidly at the top. The hinged panel below contains the 
other fittings. It is evident from the illustration (Fig. 12) that, although 
there is still an interval between the flat panel and the wall, this space 
is so reduced that there is no chance, even if there were the necessity, 
for any one to go behind. 

Cellular Type.—This construction, better known as the Ferranti 
switch-gear, was first installed in Portsmouth in 1894 for 2,000 volts, and 
it has since been extensively, and indeed for the last three or four years 
almost exclusively, adopted throughout this country on 2,000 or 3,000 volt 
single-phase systems. Referring to Figs. 13 and 14, it will be seen that 
the framework consists of a number of heavy slabs of insulating 
material grouted into the station wall and protruding therefrom. The 
spaces between them are divided off into a number of cells by vertical 
division plates, also of insulating material, made to slide into grooves 
cut in the horizontal slabs. Porcelain insulators are mounted deep 
into these cells or recesses, which carry the high-tension conductors 
and several metal fittings for receiving the switches, fuses, instru- 
ments, etc. 

This arrangement entirely eliminates the space at the back, common 
to the types before mentioned. While all the connections and con- 
ductors are visible, and easily traced from the front, they are so 
shielded by the cellular construction of insulating material that it is, 
to all intents, impossible to make accidental contact with any two 
metal parts of different potential at the same time. Moreover, the con- 
structional framework is made up of non-inflammable material without 
resorting to a metal frame, thus affording great advantages both as to 
insulation and immunity from fire or accidents due to shocks. Thanks 
to this security in design, the record of this type of switch-gear has not 
been marred by the occurrence of any serious or fatal accident. This 
is striking evidence when one considers that there are more cellular 
type high-tension alternating-current gears working in this country 
than all other kinds totalled together. 

Fig. 15 shows a section through a 3,000 kilowatt three-phase gene- 
rator panel. The 'bus-bars will be seen at the top. Each panel is 
furnished with a plug by which it can be readily isolated. All high- 
tension instruments, switches, and fuses are made to plug into contacts, 
and fixed in such a way that they can be quickly withdrawn even while 
the rest of the apparatus is “live.” On all feeder panels the fuses are 
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provided with duplicate contacts for this purpose. The drawing shows 
the position of the regulating table, field switch, exciting current 
ammeter, and resistance, which are mounted separately, but in'a 
line with the high-tension panels. 

Another feature of this construction is the absolute absence of cable 
connections between the various components and the mechanical means 
adopted to replace them ; each high-tension part is contained in a com- 
plete cell, and so divided from any other part of differing potential. 

This concludes the description of the various constructions. There 
are, of course, others invented and used for alternating-current switch- 
gear, but the foregoing are typical of the most important generic 
designs which have been tried and put to practical use. 

Bus-bars.—Complexity must inevitably give way to simplicity in all 
apparatus. In no part of a central station is this axiom more applicable 
than in the arrangement of the 'bus-bars, which form the foundation of 
the connections. Numerous ingenious and complicated methods exist, 
involving the duplication of parts, multiple 'bus-bars, change-over 
switches, cross connections and other elaborate provisions which 
seem to allow for every emergency. However, simple as they may 
be made to look on paper, in practice they tend to increase the dif- 
culty of supervision and chances of mistakes. The confusion may be 
modified by complex systems of interlocking devices, but for perfection 
in design these should be unnecessary. There should be no alternative 
ways of operating any part. Given one way the attendant cannot 50 
wrong. For this reason alone, irrespective of the many other advan- 
tages, such as economy in running, uniform distribution of the load, 
etc. it is preferable to parallel all generators to one common set of 
'bus-bars. The arrangement of 'bus-bars has such an important bearing 
upon the switch-gear construction that it is opportune to consider some 
of the other methods as illustrated by diagrams on Figs. 17 and 18, 
which, to save a repetition of lines, have been drawn to represent the 
connection of one pole only. The network involved by them on three- 
phase systems can be imagined. Each diagram represents the high- 
tension connections for four generators and eight outgoing feeders. lt 
is interesting to note from them how a simple construction can be 
converted into a complicated one. 


PART Il. 


COMPARATIVE NOTES ON BRITISH AND GERMAN 
SWITCH-GEARS. 


In these notes it is not the intention to criticise, but to assemble the 
main features and essential points of difference in general design, 12 
order that fair conclusions may be drawn from them, and from the 
discussion, which the author hopes may tend to improve not only the 
imported material but also the productions of this country. lt must 
be understood that the methods of Germany herein mentioned are 
those which appeared to predominate among the extensive works and 
supply stations visited during the recent tour of the members of this 
Institution. It is only natural to conclude that the works exemplified 
the most modern and approved methods.- The standard of British 
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designs considered will be the cellular type which has been installed in 
the majority of stations in this country. 

Figs. 15 and 16 have been drawn to the same scale to represent a 
comparison of the typical switch-gears of both countries. The views 
are intended to illustrate a 3,000 kw. gencrator panel for a three-phase 
system at about 6,000 volts. 

General Construction.—In this respect the description in the first part 
of this paper will point decisively to the fact that whereas, in this 
country, great endeavours have been made to render all parts of the 
gear visible and yet inaccessible by accident, in Germany the aim has 
been to attend only to the safety of the front portion of the construc- 
tion. The gears are of the type with backs, and are designed on the 
* flat-board,” “ basement,” and “ multi-frame " principles ; bare 'bus-bars 
are usually mounted on insulators without any form of covering, and 
no attempt is made to shield other live fittings which are mounted at 
the back. The intermingling of these fittings with the metal frame- 
work is the converse of the policy taught by our experience, which is 
to have no back and to avoid the use of metal framework near high- 
tension conductors. Moreover, the absence of straggling cable, and 
strip connections, between the component parts of the gear is very 
apparent on the cellular construction as compared with the foreign 
boards with backs. 

The Space Occupied by the switch-gear is often an important con- 
sideration in planning a central station. In this respect it is worth 
noting that the “cellular type” occupies about one-third the floor space 
as compared with the other types, and for the same number of machine, 
circuit, and inter-connecting panels, about two-thirds the length of 
platform required by а well-designed “ multi-frame gear.” 

Switches.—In Germany the main switches are invariably operated 
from handles projecting through the marble fronts. Oil-break switches 
contained in cast-iron boxes are used, but the general practice is to use 
those designed to open with a slow movement, allowing an arc to draw 
out, flare and die away gradually, on the principle of the Siemens and 
Halske lightning arrester. This method is also directly contrary to 
the principle of quick break devices for suppressing the arc, and 
the more efficient oil-break switches which have proved successful in 
this country. 

The High-lension Fuse most extensively used in Germany is not 
unlike the well-known Bates fuse, consisting of an open ended tube 
of porcelain, ambroin, stabilit, or similar insulating material, with plug 
terminals at each end. The fuse wire of copper or alloy is threaded 
through the tube and clamped by screws and plates or soldered to the 
terminals. For potentials of 2,000 to 10,000 volts the length of these 
tubes varies between 8 inches and 15 inches. Several fine wires are 
connected in parallel for the higher voltages, each wire being enclosed 
in a separate internal tube or otherwise partitioned by insulating 
material, so that each wire has a column of air to itself. Unlike 
the Bates fuse, there is no handle moulded with the tube, but flanges 
are provided at the ends, and moreover, in most cases, it is customary 
to have a long pair of wooden tongs close by the switch-gear with which 
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any fuses can be clutched while the operator is at a safe distance from 
it. Considering the massive tube fuses used at Deptford and Willesden 
—they are from four to five feet long—and also the expensive designs, 
such as the oil-break fuses of home manufacture, it would appear that 
either we over-estimate the destructive effects caused in breaking high- 
tension circuits, or else the necessity of blowing a fuse without destrov- 
ing the fuse-holder is not considered as a matter of importance in 
Germany. The variation in size and initial cost of the respective 
designs is very pronounced. 

It is very common in German practice to construct high-tension 
switchboards without fuses or automatic devices of any kind in circuit 
with the alternators, and to have plug fuses on the outgoing feeders, but 
no switches on these circuits. The fuses in such cases are placed in 
cellars or in basements away from the station attendants. There 15 
thus no way of breaking a load on a feeder circuit other than by blow- 
ing its fuse. The visible switch-gear in these stations is only that 
required for the control of the machines whilst under normal con- 
ditions. We were informed in one important station in Berlin that 
one man was never sent alone into the cellar or basement, but, for 
safety, was always accompanied by another to look after him. 

There are many points of difference in the instruments used on high- 
tension switch-gears. Electrostatic voltmeters, almost universally used 
in this country, give way in Germany to electromagnetic or hot wire 
voltmeters connected to the secondaries of transformers. But іп а few 
instances where electrostatic instruments are used it is instructive to 
us to note that the cases are made of insulating material, and the difh- 
culty common to alternating current systems of sparking over, due to 
rises in potential, has been obviated by covering the fixed cells with a 
layer of insulating material such as mica shellaced over, thus forming 
an efficient insulating shield between the cells and the moving vane. 
For further protection a resistance is connected in series with the fuses. 
Unlike our Kelvin, and Ayrton and Mather voltmeters, the German 
electrostatic instrument is not usually fitted with a spark gap. The 
scales, however, of these instruments—taken collectively—are not so 


DESCRIPTION OF FIGURE 17. 


(A) All machines and feeders connected to one common "bus-bar. 

(B) The system is divided into two halves, with one centre machine and 
circuit on each side, and inter-connector switch in the middle, by 
which the two halves can be separated or paralleled. 

(С) The system adopted at Croydon and Edinburgh with duplicate ‘bus- 
bars, synchronising gear, feeder and dynamo switches. 

(D) Another arrangement with duplicate 'bus-bars, but without duplicating 
the switches, inter-connector switch being provided to parallel the 
bars together. 

(E) Modification of (D) with three 'bus-bars, as adopted at Huddersfield. 

(F) Representing the method oí arranging 'bus-bars at Glasgow Central 
Tramway Station. The svstem is divided into complete sections by 
inter-connector switches, so that, if necessary, any machine can run 
separately on to one section of feeders. 

The diagrams do not represent the actual number of machines in use at 
places mentioned, but by way of comparison they denote the methods as 
applied to four machines and eight feeders. They also serve to show the 
relative space occupied by these arrangements. 
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open and boldly marked as on our patterns. Accustomed as we are to 
our long ranged voltmeters and ammeters, of both dial and edgewise 
patterns, the instruments in common use in German central stations 
appear to us somewhat small, and the scales seem to require close 
inspection to read them. 

All possible means whereby connections and apparatus can be 
reduced, without affecting the utility of the whole, should be taken 
advantage of. With this in view there is something tothe credit of the 
home designs in the method of using one common synchroniser, and 
incoming machine voltmeter, instead of complicating the system by 
using separate synchronising transformers and voltmeters for each 
machine. As an example of the former, the Ferranti method is to make 
contact automatically with a common synchronising bar (or pair of bars 
for multi-phase system), while the main dynamo switch is in a “ half- 
cock” position. This arrangement has the advantage of simplicity in 
construction and also in working, as compared with the latter method 
which entails the provision of separate plugs or switches on each 
machine panel. 

There are many other details of more or less importance where the 
best switch-gear practice of the two countries differs, such as the 
method of connecting to the 'bus-bars and of isolating panels by 
the use of 'bus-bar plugs, the provisions for receiving cables, and for 
removing instruments and other parts of the gear safely and quickly 
without the use of special tools. These details have perhaps been 
more carefully dealt with in our best British designs than has been 
considered necessary in Germany. On the other hand, we may have to 
learn something concerning the methods of economy in design and 
production by which passable results can be obtained with a minimum 


DESCRIPTION OF FIGURE 18. 


(G) Represents connections of Kensington and Notting Hill Supply 
Station, where the complete switchboard is divided into four sec- 
tions, including two sections for machines and two for feeders, with 
a ring main system of 'bus-bars and switches, by which either of the 
dynamo or feeder sections can be run together respectively. 

(H) Connections for the obsolete system of independent running, where 
any generator can be run separately on to any number of feeders. 

(I) Suggested 'bus-bar arrangement, where it is necessary to divide the 
system into two sections, as for tramway and lighting purposes. 
'The two machines in the middle can be connected to either traction 
or lighting 'bus-bars by knife switches shown on the 'bus-bars. 

(J) Arrangement of connections for a switchboard with duplicate 'bus- 
bars for tramway and lighting purposes respectively, a system of 
inter-connector switches being shown, by which either of the four 
sets of 'bus-bars installed can be svnchronised or coupled. The 
drawing shows the method of connecting the cable-charging device. 

(K) Is to illustrate the switchboard connections on the basis of the design 
used for the Metropolitan Street Railway Co., New York, where the 
system is divided into two sections, the feeders being arranged in 
groups. Each sub-station is connected by a feeder, or feeders, from 
either side of the centra) station switch-gear. 

The diagrams do not represent the actual number of machines in use at 
places mentioned, but by way of comparison they denote the methods as 
applied to four machines and eight feeders. They also serve to show the 
relative space occupied by these arrangements. 
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expenditure in material and labour. But it is difficult to know where 
to draw the line in cutting down material and cheapening designs 
because it is of such vital importance that, for apparatus on which 
so much depends, the efficiency must not be sacrificed for economy 
in design. 

To sum up, the main and great difference rests in the principles ot 
construction ; the details follow in sequence and are to a certain 
degree dependent upon them. 


CONCLUSION. 


It will form a fitting conclusion to this paper to consider, without 
taking up too much time, the absolute requirements for one of the 
common systems of transmission. The single-phase switch-gear has 
become practically standardised, but the three-phase switch-gear for 
6,000 to 10,000 volts introduces many problems for discussion. 

The first question to decide is the 'bus-bar arrangement. The 
diagrams on Figs.17 and 18 show many methods, but of these, provided 
the switch-gear is reliable, there is none more suitable than the simplest 
(represented in diagram A) for any number of machines of modern 
design. There are, however, cases where it may be deemed advisable 
to split up the station plant into sections. For example, in Manchester. 
it is proposed to run one set of generators on the traction load and 
another set on the lighting load. It would be interesting to know 
what effect the fluctuation of the traction load would produce on the 
lighting load if the two systems were run in parallel, assuming that 
motor generators, or rotaries, convert the high-tension alternating 
current to a divided continuous current supply for the consumers. It 
is quite possible that there is no need to have separate high-tension 
traction and lighting 'bus-bars at all, then it will be more economical 
and convenient to run every machine on to one common set of `Биѕ- 
bars; means being provided so that any generator or feeder panel can 
be readily isolated for adjustment, repairs, or cleaning purposes. 

With a balanced load only one ammeter is essential on a three-phase 
panel, but provision should be made to enable this or other ammeters 
to be used occasionally for reading the current on any or all three 
phases. 

There is no doubt that it is the best practice to supply fuses with 
duplicate contacts to each phase on the feeder panels. But for 
generators the conditions are different; with two or three alternators 
running in parallel, fuses have sometimes given trouble by opening the 
circuit of all the machines when a fault has occurred on опе only. Reverse 
current automatic switches have been made to meet this objection, but 
complications are involved thereby, which introduce an element oí 
uncertainty in action under emergencies. Another way of dealing 
with the question is to have no fuses or automatic devices on the 
generators. Modern alternators will stand a short for a few minutes, 
or at least for sufficient time to blow the feeder fuse if the fault is on 
the mains, or if the fault is on the generator, to enable the attendant 
to isolate the defect. 

Machine and feeder switches must be of selected pattern which will 
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open circuit without enabling a rise in potential to occur, and without 
causing injury to the switch contacts when used for breaking, not only 
the rated capacity of the circuit, but under the more severe conditions to 
which they are likely to be subjected when emergencies occur. It 
must be remembered that tests which have been carried out in this 
country, and оп a larger scale with higher voltages in America,' show 
that the maintenance of an arc in open air, even for a short period, 
is liable to produce resonance effects, and high voltage oscillations, 
equal to two or three times the normal potential of the system. 
Whereas it would seem from tests carried out at the same time that 
excessive rises in potential are not experienced with oil-break switches. 
Spark gaps which will arc across when the pressure rises above the 
normal can be fitted to the 'bus-bars or to the cable, but the switch- 
gear should .be constructed to avoid the necessity of these devices 
which are likely to irritate the system and reduce the degree of safety 
by bringing conductors of differing potential close together on one 
apparatus. 

The capacity of the feeder cable has an important bearing on the 
design of feeder switch-gear, due to the rise in potential occasioned by 
switching on and off a long length of main with capacity. Charging 
devices which will operate in conjunction with feeder switches are 
necessary in such cases. 

We have not had much experience with power-factor indicators, 
but provided a reliable instrument can be obtained to read the lag 
or lead of an alternate-current supply, it would be a serviceable, though 
not essential addition to the feeder panel in that it would to some 
extent communicate to the central station the condition of the load and 
the regulation of the motor generators at thc sub-stations. 

With regard to recording or registering wattmeters, the simplest 
practice is to mount them between the feeder and generator 'bus-bars 
so that they will register the total energy generated by the entire 
plant. Indicating wattmeters can be mounted on the generator panels 
in the same way that the power-factor indicators are attached to the 
feeder panels (see Figs. 15 and 16). But given reliable ammeters it 
is not difficult to estimate the output of the alternators near enough for 
all practical purposes, and so where initial cost is of moment both 
indicating wattmeters and power-factor indicators can be dispensed 
with. 

The generator panels have obviously to include synchronising 
devices, and a regulating table containing field switches, field current 
indicators and regulating resistances. It is only necessary to add the 
'bus-bar voltmeters and possibly a panel for an auxiliary motor generator 
to fulfil the principal requirements of a complete three-phase central 
station switch-gear. 

In view of the general tendency towards standardisation in the 
designs of any apparatus manufactured and used throughout the world 
for one common purpose, it is evident that many designs at present in 
vogue will disappear in favour of a switch-gear which will be the out- 


1 Recorded in a paper read by E. W. Rice, jun., before the American I. E. E., 
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come of the experience to be gained in the immediate future. On 
what principles will the switch-gear of the future be based? The 
author hopes this paper will evoke suggestions that will help to solve 
this problem and so be a guide to our switch-gear designers. 


Mr. E. W. Cowan opened the discussion by expressing satisfaction 
with the more mechanical style which characterised the design of 
switches and gear generally found in well-equipped power-stations of 
to-day. The old style of board with a passage at the back had not dis 
appeared any too quickly. The passages were dangerous traps for the 
attendants, and the space was often very costly and inconvenient tc 
obtain. Few people realised the danger arising from the mixture of in 
flammable materials, fuses, line-terminals, etc., that were hidden away at 
the back of these boards, and the difficulties of making repairs were 
greatly increased. In one station in Germany he was unable to discover 
the position of the high-tension fuses, and upon inquiry learnt that thes 
were in the basement. Being desirous of inspecting them, he persuaded 
one of the officials in charge to permit him to go below. The passage- 
way to these fuses was blocked by “locked” doors on each of which 
was an unpronounceable legend, and a large and very vivid flash of light- 
ning to awe any one who approached. His efforts, however, disclosed 
the fact that in Germany high-tension fuses are looked upon as things 
that are best kept away as far as possible. It took some twenty 
minutes to get to them by reason of the protecting cordon of locked 
doors, etc. His inspection of the low-tension switches as shown at Paris 


Exhibition revealed that they were all of the slow-breaking type which 


would certainly not open circuit carrying normal current at soo or even 
250 volts. They were mounted on well-finished frames, however, in the 
construction of which no timber was used. Foreign switch-gear was 
evidently cheap to manufacture, as had been proved lately by some of 
the tenders against which they had to compete. Turning to the question 
of the arcing at switches, Mr. Cowan remarked that arcs were nature: 
safety valves permitting the pressure to fall slowly. Switches which 
broke under oil or water were too abrupt for direct-current plants, and 
something disastrous would certainly happen if they were so used. 
Referring to some experiments with horn-break switches, he stated that 
he had obtained arcs as long as 12 feet, and thought that the attendants 
would hardly care to operate gears which were subject to such powerful 
illumination. He looked forward to the time when return-current cut- 
outs would be generally fitted to all switchboards for generators running 
in parallel. It might be quite safe to short-circuit the modern alternator 
for a short time, but he would like to know if under such circumstance: 
it would keep in phase. 

Mr. 5. L. PEARCE considered the type of board to be employed 
depended to a great extent on the space available, and that for extra high- 
tension work there were only two permissible types, viz., “ The Cellular ` 
and “Тһе Multi-frame," provided the latter has no high-tension parts 
within, say, 8 to ro feet off the floor. All intermediate mechanism for 
operating the switches, such as the use of compressed air, etc., was, in his 
opinion, out of place; they all ought to be as directly operated as 
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possible. He preferred the use of oil-break fuses and switches on all 
high-tension circuits, as an effectual means of suppressing an arc and pre- 
venting any abnormal rise of pressure. He agreed that the question of 
providing fuses on the generators at all was a moot point. He was in- 
clined to think it was better not to provide them, the short-circuiting 
current of modern three-phase generators being too low to damage 
the machines, he would therefore rely on the fuses at the sub- 
station ends of the feeders. Every one who had experienced the 
awkwardness of fuses blowing on the generators would appreciate 
these remarks. The crux,of the whole question rested with the ’bus-bar 
arrangements, and referring to those shown in Fig. 18 J, adopted for 
the first instalment of the high-tension plant at Stuart Street, Manchester, 
he criticised the scheme as being unnecessarily complicated and as 
having one set of bars which would very probably not be used, and 
therefore entailing an unnecessary expenditure of capital. He did not 
consider either that it was at all necessary to put ammeters on all 
three-phases. The arrangement shown in Fig. 18 I, adopted for the 
second instalment of plant at Stuart Street, was far simpler, and as far 
as he could see would meet every possible contingency that might arise. 
He had little doubt that, in combined stations, both the lighting and 
traction 'bus-bars would permit of being coupled together, although it 
was perhaps wise to provide means of running them isolated if required. 
He was in favour of providing a speed indicator in conjunction with 
the synchronising equipment to facilitate paralleling operations. On 
the question of charging feeders, he preferred to do this by means of 
liquid rheostats rather than by any other method. 

Mr. W. Н. CoLLis referred to the diagrams of connection indicated 
on Figures 17 and 18, and suggested that the methods shown introducing 
numerous interconnecting switches as on Figure J were likely to cause 
trouble and mistakes. He had had experience with switchboards at 
Liverpool, and was in favour of simplicity in connection. As regards 
fuses, they had much trouble with them on generator circuits, but now 
they had no fuses and experienced no trouble. 

Mr. A. STILL, commenting upon the types of boards, described that 
shown in Fig. 1 as being very bad, and that in Fig. 2 as hardly any 
better, for the high-tension metal work was very close to the metal 
frame, and the horn-type of switch much too close to the 'bus-bars, in 
view of the possibilities of the 12-feet arcs. The position chosen 
for the fuses was bad, but it wasa type that might be considerably 
improved by skilful design. He had seen a board at St. Petersburg 
similar to that shown in Fig. 8, and his first impression of the simplicity 
of the arrangements on the platform was most favourable, but a visit 
below disclosed the bad feature of the scheme,the maze of rods, cranks, 
levers, etc., in fairly close proximity to the high-tension metal-work. 
He doubted the use of the mercury switch, and asked for more 
particulars of its action. He had heard that at the start some paraffin 
oil was placed over the mercury, but this was not renewed. 

Continuing his criticisms of the boards illustrated in the paper, he 
concurred with previous speakers in condemning the use of relays. 
He mentioned the difficulty sometimes experienced in the design of 
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central stations in finding a way suitable for mounting the cellular 
switchgear described, and suggested that the switchgear should be 
independent of the wall for support. Turning to Fig. 12, he 
pointed out that an iron framework had been adopted by his firm in its 
design in order to minimise the difficulties of fixing the gear in place. 
It should be noted, however, that an arc to- frame was practically 
impossible. In the design of a switchboard simplicity was of the first 
importance, and he suggested the possibilities of a “ double-fronted " 
board in which the front was divided into vertical compartment. 
whilst “the front at the back" would be separated by horizontal 
divisions. He thought that the use of switches at half-cock was 
dangerous, and instanced a case in which the operator might short-circuit 
two machines by coupling them to the synchronising bar at the same 
time, where if the plug system was used a machine could not be put in 
circuit improperly. 

Мг. K. EpGcUMBE thought that measuring instruments had been 
overlooked somewhat by the author. Synchronisers should be capable of 
indicating (1) whether the periodicity were right, (2) whether the 
phase were the same, (3) whether the generator were running too fast or 
too slow. His firm had devised such an instrument, which consisted 
of a small rotary field motor, the stator being connected to the 'bus-bar., 
and the rotor to the generator. The direction of rotation of the rotor 
indicated whether the generator was running too fast or too slow. but 
if the periodicity and phase were exactly the same in each, then the 
rotor would take up a fixed position. In order that the indications 
might be seen at a distance, incandescent lamps were used, a red and 
green light being so arranged that either one or the other was obscured 
according to the direction of rotation of the rotor. This apparatus 
seemed to bea most ingenious solution of the problem, and to satisfy all 
requirements. 

Mr. A. G. CooPER said that the difficulties with the Ferranti switch- 
boards began (owing to the narrow centres) when repairs were needed 
in the case of the older types, but this may have been improved in 
more recent designs. He had no difficulties with half-cock switches 
and thought that Mr. Still had not stated the case properly. Аз rc- 
gards synchronising of alternators, he thought that in most station: 
the arc lamp and fly-wheel method of phasing the alternators was in 
use. 
Мг. T. W. SHEFFIELD gave his opinion as an engineer that the 
switches on switchboards should be “dry.” They were more mechani- 
cal than switches worked in oil or other liquids. 

Mr. H. ALLcock asked the question why, at Deptford, the high- 
tension fuses were 4 or 5 feet long, whilst in Germany the average 
length was apparently 15 to 18 inches. He thought one or other 
must be entirely wrong. Such differences as these possibly accounted 
for the German manufacturers having secured large contracts at prices 
which English firms considered absurdly low. 

Mr. J. Moss pointed to the necd of some compensating device on 
the switchboard to maintain a constant potential automatically on the 
supply at all loads. 
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' . Mr. A. Е. Guy was interested in insulating materials used in switch- 
board construction, and suggested that allowance should be made for 
the different degrees of humidity of the atmosphere found in different 
countries when making comparisons as to insulation properties of 
various materials. 

Мг. С. Н. WoRbINGHAM (Chairman) agreed that the switchboard 
was thc nerve-centre of thesystem, and that it deserved the most careful 
attention when laying out the arrangements of a station. He should 
place safety of life as the first condition, and next efficiency. Much 
had been said upon the question of “backs” or “ no-backs," and seeing 
that accessibility was a feature of the utmost importance, he thought 
those types which permitted the attendant to get all round to be 
the best. In large stations there was much to be said in favour of the 
separation of the generator switches from the circuit switches. Тһе 
Board of Trade limit of 1,000 k.w. for a feeder introduced a large 
number of feeder panels, and therefore, rather than have one extensive 
switchboard and gallery, it was better to have a separate switchboard for 
the feeders apart from the dynamo board ; the feeder-board in such 
case would be in the charge of another operator. He had heard of oil 
switches having fired, but he considered the evidence to be rather 
weak, and asked the author's opinion on this point. Unlike some of the 
speakers, he was grateful to the American workers for many things, 
but he admitted that in some instances there was some need for verifi- 
cation of the results claimed. Не then alluded to the report of Mr. 
Rice's tests in America, in which some very striking experiments on 
high-pressure arcs were made. He remarked upon the difficulty there 
was in learning the exact truth about continental fuses and their 
efficiency under actual working conditions. 

Dr. C. C. GARRARD (communicated): Іп connection with Mr. 
Clothier's paper, an account of some experiments I recently carried out 
may be of interest. A quarter of a mile of B.I.W. 7/20 lead-covered 
high-tension concentric cable wound on a drum was taken, and at one 
end the inner conductor was connected through a horn switch provided 
with a brass block, which made connection between the two horns, in 
series with a standard Ferranti oil-break switch, to oneend of the high- 
tension side of a 5-k.w. transformer. "The other end of thehigh-tension 
winding was connected to the outer conductor. The other end of the 
cable was provided with an adjustable spark-gap between inner and 
outer. The transformer was run off a copper-type alternator, which 


gave a nearly true sine curve. The pressure of the cable was 


4,000 volts. The spark-gap at the far end was adjusted with a 
sufficient margin so that it did not spark across at the normal voltage. 
The:charging current of this cable is, of course, very small, and а 
sufficiently low-reading ammeter was not at hand to measure it ; the 
presence of a capacity current could be seen, in that an arc occurred 
when the horn switch was opened. On raising now the brass block 
which made connection between the two horns, this arc could be 
gradually increased in length from zero upwards, and it was found that 
at a particular length of arc the spark-gap at the end of the cable 
Vor. 81. 
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invariably sparked over. There was no question of the arc breaking and 
thus causing the spark-gap to go; always when the arc was a certain 
length the sparking at the gap took place. This is, of course, perfectly 
analogous to opening this high-tension alternating cable circuit by any 
form of open flare switch. If now the horns were short-circuited, and 
the circuit opened by means of .the oil-break switch, no sparking at the 
gap occurred. The result that the arcing switch, under the con- 
ditions present, caused rises of P.D. in the cable was very conclusive. 
As to an explanation of this phenomenon, the following consideration 
may be of service. The condition of stability of an electric circuit 


is that its T should be positive (v == volts, а = amperes). Now an arc 


ду 
ба 
negative—this being the reason that an arc lamp, for example, will only 
run with a balancing or steadying resistance in series with the arc. 
The same thing applies to the filament of a Nernst lamp when overrun. 
In drawing out an arc іп the above cable circuit the condition 15 


in air between metals is an electric circuit whose — is very liable to be 


possible, at a particular length of the arc, in which the positive = 


of the circuit is more than counterbalanced by the negative d of the 


arc, the result being that the whole circuit is rendered unstable, and an 
abnormal rush of current occurs, which charges up the cable to a 
higher voltage, eventually breaking its insulation down at its weakest 
point, in this case the spark-gap. It would seem that an effect such as 
this is different to that produced by breaking an inductive circuit 
suddenly. As has been recently shown by Steinmetz, this is due to the 
energy of the induction suddenly collapsing on to the conductor, and 
charging it up electrostatically. In this connection the difference 
between the action of the oil-break switch on alternating and con- 
tinuous current is very marked. Experience has shown that an oil- 
break switch, which will act perfectly well for breaking 400 to 500 k.w. 
at 6,000 volts alternating-current, will fail to act on 2,000 volts direct- 
current, at loads from 100 to 200 Елу. The oil-break switch is, in fact, 
with alternating-current, not a quick break in the true meaning oí the 
word. Апагс isdrawn out for a certain very short interval of time ппдег- 
neath the oil. This arc can be looked upon as a mechanically weak 
conductor, upon which the oil presses and tends to rupture. Хашга у 
the arc is mechanically weakest at the point where no current ts 
passing ; at this point the pressure of the oil overcomes the arc, and 
extinguishes it. The first time, therefore, the current crosses the zero 
line, the arc is put out. The current at this instant being zero, no rise 
in potential due to induction can occur. Itis easy to see from this that 
the maximum energy required to be absorbed by the oil is that of halt 
a complete cycle. Provided the amount of oil be kept above this 
minimum, no danger of firing of the oil is to be feared. As a matter of 
fact, all good oil-break switches have a large factor of safety in this 
respect, and are much to be preferred to open flare switches for high- 
tension alternating-current systems. 
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Mr. ALFRED DOXEY (communicated): Reverting to the relative 
advantages of the oil versus air break type of switch and fuse as 
applied to the working of high-tension alternating stations, an 
experience of some twelve years’ working with machines ranging up to 
1,000 k.w. each has led me to decide in favour of the oil-break for the 
following reason. We are all by this time pretty fully conversant with 
the property known as “ Resonance" manifested by circuits con- 
sisting of some miles of concentric cable carrying inductive apparatus 
such as transformers, motors, etc. The effect of slowly opening a 
switch and thus drawing out an arc on such a circuit is to form an 
oscillating spark-gap which, at one particular length of arc, will 
develop violent surgings and a superposing of voltage on the circuit 
with the possibility of a puncture at the weakest point of insulation on 
the system. The particular point at which the property of resonance 
is brought into play will of course vary with each particular circuit, but 
in drawing an arc we slowly increase our spark-gap, and thus run right 
across the gamut, and therefore will most certainly be in tune at some 
point of the scale. The danger, therefore, lies in allowing the arc to 
remain at this critical point sufficiently long for the effect to become 
cumulative. On the other hand the danger becomes less as we increase 
the rapidity of the break, and I believe oil will do this more quickly 
than any other medium ; and if this reasoning applies to a fuse, it 
applies equally to a switch, and having seen both switches and fuses 
of oil-break type act repeatedly, on large powers, and under pretty 
nearly every condition that can arise in practice, I feel every confidence 
in affirming that for alternating systems, possessing large capacity 
and self-induction, an oil-break is the best means of escape from the 
troubles I have mentioned. 

Mr. H. W. CLOTHIER (in reply) : Of the many questions raised in.this 
discussion, those relating to the action of liquid and flare switches 
respectively are of the greatest importance and interest at the 
moment, representing as they do a specific difference between British 
and German designs. The flare switch is undoubtedly easier and 
cheaper to make than the oil or water break switch, and as Mr. Sheffield 
has said, it is preferable to have a dry switchboard than one that has 
a number of pots filled with liquids. But the insulation of the cables, 
and, in fact, the insulation of the whole system, must have prior 
consideration. It is useless to equip a switchgear with switches that 
cannot be operated without running risks of injury to the rest of the 
equipment. The test referred to in my paper, and commented upon 
by Mr. Wordingham and Mr. Cowan, clearly proves that very high 
potentials can be obtained by allowing an arc to flare across the blades 
of a switch or between a pair of horns. I have recently had an oppor- 
tunity of confirming these results, and therefore do not doubt their 
accuracy. Mr. Rice's tests in America were presumably made on 
circuits consisting of overhead lines, and, contrary to the suggestion 
made by Mr. Wordingham, I am of the opinion that the phenomenon is 
likely to be more effective in producing undesirable rises of potential 
on our transmission systems using underground cables which have a 
higher capacity or specific inductance than the overhead conductors. 
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Practical results show that the severe strains on the insulation of the 
system do not occur when oil-break switches are used. The oil-break 
switch prevents formation of an arc, and consequently is just the 
opposite to the flare switch. It has been explained that an oil-break 
switch always breaks the circuit at or near the value represented by the 
zero line on the simple harmonic curve : it does not break circuit at the 
maximum current strength, but allows it to force a way through the oil 
for the fraction of a second until the current is severed by the pressure 
of the oil at or near a minimum current strength. Whatever theories 
are advanced to explain the action of an oil-break switch, they can 
be of no greater service or more conclusive than the results of the 
tests which have been quoted. I have, therefore, no hesitation in 
saying that the flare switch as made on the Continent will become 
extinct for alternating-currents, and that the only surviving switches, 
for alternating-current systems, will be those which will not draw 
out and maintain an arc for any appreciable time. 

The arguments for the switch also apply to the fuse ; Mr. Allcock 
has asked why we should make more expensive fuses than is customary 
on the Continent ; the answer is obvious, we endcavour to make fuses 
which, in blowing, will act without destroying the holder or breaking 
down the insulation of the switchboard or any part of the system. Itis 
no easy task that our English engineers have set to the designers : it is 
quite possible to arrange a load with unity power-factor which any fuse 
can break without effort, but my experience is that with an inductive 
overload, a dead short, or at such times when emergencies occur and a 
fuse is called into requisition the design cannot be too substantial, and 
I am of the opinion that the fuses common to German practice would 
not bear the test to which our English designs (Ferranti oil-break, for 
example) have been subjected without causing arcs and injurv to the 
parts in operation. In reply to Mr. Wordingham, there is no danger 
of the oil in a switch igniting, provided the right oil is used, and 
sufficient attention is given to keeping the parts clean and the surface 
of the oil free from carbon or dust, this being a question of design and 
up-keep. 

Some members have applied my remarks to continuous-currents, 
but it will be remembered that my object was to discuss the require- 
ments of alternating-currents only. The conditions of the two systems 
differ in so many respects that the same arguments do not apply to both. 
The instantaneous disruption of a continuous-current circuit would 
cause excessive potential rises proportionate to the self-induction of the 
circuit and to the suddenness of the break. The potential rise so 
occasioned under certain conditions of the load would probably be 
more severe than those attributed to resonance effects on the alternatin g- 
current system ; but (in reply to Mr. Cooper) as regards the general 
construction, irrespective of details of the switchgear, the cellular type 
is equally applicable to continuous and to alternating-current systems. 
It is true that the connections of a continuous-current board are some- 
times more complex than the present alternating-current gear, but I am 
convinced that this would not be the case had the same simphfving 
influence on both been brought to bear on the earlier designs. Even 
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with alternating-current gears there has been a great deal of misplaced 
ingenuity displayed ; the diagrams which have been described alone 
give evidence of the complications which can be, and have been, 
introduced. A study of the essentials of the direct-current central 
station switchboard will prove that, given efficient attention and skill 
in design, the boards can be made to advantage on the cellular or 
Ferranti principle; thus eliminating the risks of fire, serious shocks 
and burns. I reason that it is quite possible for a person to be seriously 
injured by making contact with a normally low-tension conductor at 
a time when a high potential exists thereon, duc to such causes as the 
too sudden break of a continuous-current circuit. 

Mr. Cooper has referred to the question of repairs on one panel 
when adjacent panels are alive ; this is naturally a difficult and some- 
what dangerous operation on any type of gear, but it is obviously more 
risky on those boards where live fittings are exposed near metal frame- 
work. It is in this particular that the Ferranti cellular gear offers such 
distinct advantages, because there is no metal framework used in the 
construction of high-tension parts, and each fitting is surrounded, as it 
were, by a box of insulating material. 

Mr. Pearce's observations on the much-discussed subject of fuses 
or no fuses for alternators, and Mr. Collis’s experiences at Liverpool 
with continuous-current generators, cannot fail to be of special value 
and interest at the moment. Fuses are indispensable on high-tension 
feeders, but on modern machines they can be avoided ; for the large 
alternating-current generators in particular it is feasible to do without 
either fuses or any other automatic device. Mr. Pearce has also 
anticipated my views as to cable-charging devices for high-tension 
cables, and so furnished an answer to the question asked as to the 
best practice in this respect. 

Mr. Still's opinion and Mr. Cowan’s vivid description of the old 
types of flat boards and other designs of gears with backs and base- 
ments are so palpable and well recognised that they need no endorse- 
ment from me, but I would emphasise the duty due to humanity 


expressed by Mr. Wordingham's criticisms. Тһе safety to life should | 


be the first consideration and object in selection of any high-tension 
apparatus. The question raised as to insulation tests of insulating 
materials gives me the opportunity of proposing that a Technical Insti- 
tution such as the Owens College should be of service to contractors 
and insulating material makers alike by making comparative tests on 
different marketable materials, and publishing the results. 

The synchroniser which Mr. Edgcumbe has explained is no doubt 
a useful accessory to a station where the engine-speed is controlled by 
electric relay from the switchboard platform ; but under ordinary 
conditions the engine-driver can tell by sound, if not by the marking 
of the flywheel, when he has overstepped the correct running speed. A 
single lamp used by the ordinary synchroniser will also indicate to the 
switchboard attendant (by the length of time between the glowing of 
the lamp) whether the speed is too fast or too slow, and as the machine 
is gradually run up to speed he soon acquires the practice of phasing 
by the usual single-lamp method. He learns when the machine has 
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reached the correct speed, and he can see at once if the limit be 
exceeded by the lamp showing a gradually increasing length of period 
between the maxima of illumination. 

Mr. Moss has suggested a difficult task in asking for an automatic 
control of the generating pressure, which is to compensate for the 
varying voltage drop on machine and the circuits between no load and 
full load. It is of course within the scope of the central station 
designer to carry out this ideal either by automatic control of the 
generator field regulators, or by the use of automatic variable ratio 
transformers or boosters on the outgoing feeders; but such devices, 
on account of the intricate parts and consequent uncertainty of the 
automatism, are likely to increase rather than to diminish the super- 
vision required. 

It is not easy accurately to apprise the value of switch-gear on 
account of the numerous methods of design in vogue and the diversity 
in construction and parts demanded, but at Mr. Wordingham's request 
I will add a table of costs representing as nearly as possible the values 
of central station switch-gears per kilowatt of generating plant installed, 
drawn out on the lines which have been discussed. 

To conclude, I have to thank the members who have given interest- 
ing information by their able discussion, and feel that the proceedings 
can only result in generally improving the knowledge on the subject. 
and so guard us against the use of inefficient designs. 


APPROXIMATE Cosrs OF CENTRAL STATION SWITCH-GEAR PER K.W. 
GENERATED, FOR FOUR MACHINES AND EIGHT FEEDERS (EXCLUD- 
ING CABLE-CHARGING GEAR AND STATION-RECORDING WATTMETER:.| 
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DUBLIN LOCAL SECTION. 


THE LIGHTING AND DRIVING OF TEXTILE 
MILLS BY ELECTRICITY. 


By MARSHALL OSBORNE, Associate Member. 
(Paper read at Meeting of Section May 29th, 1902.) 


The application of electricity to the majority of the manufacturing 
industries has long passed the experimental stage, and is an established 
commercial success. This applies equally well to the textile industry, 
although very little progress has been made in this direction in this 
country. While this may appear to indicate lack of enterprise on the 
part of our textile manufacturers, and, to some extent, this is un- 
doubtedly the case, it should be borne in mind that in most countries 
where the greatest progress has been made in this connection, the 
conditions obtaining are more favourable to such progress than with 
us. There are in this country a large number of new mills being 
erected, which are arranged for a mechanical drive, although they are, 
for the most part, if not always, lighted electrically. 

I propose to bring to your attention to-night some facts and figures, 
showing what has been done in other countries, both in lighting and 
driving textile mills by electricity. 


LIGHTING. 


Until the advent of the enclosed arc lamp, illumination by means 
of arc Jamps was not satisfactory for many of the fine operations 
demanded in weaving and spinning, and incandescent lamps placed 
in close proximity to the work were generally used. The enclosed arc 
lamp, however, where it has been tried, has proved both satisfactory 
and efficient. 

Its use has been most general in textile mills in the States, where 
many large plants have been installed, which are operating to the 
entire satisfaction of the mill-owners. The following information in 
reference to some of these installations, I trust, will prove of interest. 

In the Lynchburg Cotton Mills, a new weaving mill, 125 ft. by 
400 ft., of two stories, has its lower floor most effectively illuminated 
by 45 S-ampere double-reflector direct-current enclosed arc lamps. 
Although the columns that support the upper floor are in two rows, 
8 ft. apart, and there is overhead shafting, connected to the looms by 
belts, yet the lighting is most satisfactory, each lamp illuminating 
1,100 sq. ft. Work is carried on here equally well night and day, and 
the mill-owners are most enthusiastic as regards the advantages of the 
enclosed arc lamp. In the Berkshire Cotton Mills the weaving rooms, 
containing 2,404 cotton looms 5 ft. 6 in. high, belted from below, are 
lighted by 128 5-ampere enclosed arc lamps. A spinning room in the 
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same mill. 135 ft. by 500 ft., with machines 6 ft. high, is also effectively 
illuminated by 58 enclosed lamps. Numerous other examples follow, 
which show the extensive use made of enclosed arc lamps. Thus, the 
Olympia Mills use 375 alternating-current constant potential 6-ampere 
enclosed arc lamps, the Buffalo Cotton Mills use 250 of the same type, 
the Amory Mills use 260 direct constant current 66-атреге enclosed 
arc lamps, the Manchester Mills use 262 direct constant potential 
5-ampere enclosed arc lamps. 

Satisfactory results could not have been obtained in these mills with 
open arc lamps, and the cost of installing and operating incandescent 
lamps would have been much higher. 

The principal advantage gained by the use of the enclosed arc 
lamp over the incandescent lamp is less capital outlay and lower cost 
of operation, the efficiency of the arc lamp being much higher. These 
points should receive careful consideration at the hands of those 
engaged in the lighting of mills or factories, although there are, 
undoubtedly, many operations in spinning the finer numbers of varn 
and weaving fine damasks, where it is absolutely necessary for the 
light to be immediately over the work. In these cases incandescent 
lamps are invariably used in a modern mill, two or more, as may be 
required, being fixed over each loom or frame. In general, it mav be 
said that arc lamps are most suited for work of a comparatively coarse 
nature, and in connection with which there is undoubtedly a very large 
field for them. As an indication of the superior efficiency of arc 
lighting, it may be noted that it has been found by experience that one 
enclosed arc lamp absorbing 480 watts, fixed at a suitable height, 
efficently illuminated an area of 1,100 sq. ft. where the materials dealt 
with were of a light colour. With materials of dark shades, however, 
this area is reduced to 600 sq. ft., but a number of incandescent lamps 
absorbing the same power would only illuminate half the above- 
mentioned areas to the same extent. 


POWER. 


The application of electric power to the operation of textile 
machinery has not, up to the present, made much progress in this 
country, and, although many striking advantages can be demonstrated 
in favour of the electric drive, it has not received that consideration on 
the part of our mill-owners which in their own interests would seem 
advisable. The most important of these advantages is undoubtedlv the 
fact that, with the electric system, it is possible to concentrate the 
whole of the power required for operating an extensive mill, or collec- 
tion of mills, which are scattered over a comparatively wide area, го 
one central power plant. By this system great economy in working 
costs, maintenance, and staff is obtained, as bv the use of large steam 
engines and generators of an efficient type, the generating costs for 
power are reduced to a minimum ; also, onc staff only is required, 
instead of several independent staffs, as in the case of isolated steam 
plants. But even in the case of a single mill, very material advantages 
can be demonstrated in favour of the electric drive over the mechanical 
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system by means of belt or rope transmission, as a large amount of 
shafting and belting can be entirely dispensed with by the use of the 
former operated from one centrally-situated generating station by the 
application of motors at the points where power is required. The trans- 
mission can be so arranged as to give a very high efficiency, although 
the question of commercial economy, particularly in the first cost, liinits 
the over-all efficiency between the engine shaft and frames or looms to 
80 per cent. or 75 per cent., which is a decided advance on the average 
efficiency obtained with the mechanical system. The usual practice 
is to divide the shafting on the various floors into small sections, each 
section of which is operated by a separate motor. This renders the 
various sections and floors entirely independent of any other section or 
floor, which is not the case with the mechanical system, where each 
floor is driven separately by means of ropes or belts through one 
continuous shaft. қ 

Further, the mechanical system necessitates the introduction of а 
Jarge number of what may be properly called power-wasting devices, 
such as extra belts, cross belts, bevel wheels, and gears of all descrip- 
tions, in order that power may be applied exactly where required, in 
many Cases in positions which necessitate drives at right angles to the 
main drive of the mill. This difficulty is entirely obviated in the 
electric system. 

In many mechanically-driven mills the power is transmitted through 
various counter-shafts to the final point of application. In some cases 
as many as six line shafts are belted together, so that all the power 
required on the sixth shaft is transmitted through the other five. 
This necessarily results in an excessive waste of power, and increase 
of slip. The slip on the first belt is transmitted in an increasing ratio 
to all the others, until it finally reaches the sixth in a much more 
magnified degree than where it started at the first. 

In order to demonstrate the actual results obtained in practice, the 
following examples indicating the progress in various countries of 
electricity applied to textile mill driving may be of general interest. 
It will be observed that almost every country engaged in textile 
manufactures is represented, whereas the largest textile manufacturing 
country is conspicuous by its absence. 

The history of the development of the electric drive in the Olympia 
Mills, at Columbia, S.C., U.S.A., is of striking interest in this con- 
nection, and is briefly as follows :— 

Some five or six years ago Messrs. W. B. Smith-Whaley & Co. 
erected two cotton mills at Columbia, each for about 12,000 spindles, 
one being driven by the usual steam engines belted to lines of shafting, 
and the other by electric motors, thc generating plant for the latter 
being at a distance from the main building. According to Mr. Smith- 
Whaley, the cost of repairs in the electrically-driven mill is 50 per 
cent, less than in that of the mechanically-driven mill. It was found in 
the electrically-driven mill, owing to the speed being maintained at much 
higher average, that the production was greater in a given time than in 
the mechanically-operated mill, the actual increase being about 4 per 
cent. per machine, the quality of the productalso being much improved. 
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When the large new Olympia Mills were to be built by the same 
people, it was decided to put down steam-driven electric generators, 
and drive the machines by motors. The main building measures 
553 ft. by 151 ft., with a couple of towers for stairs, and tanks for the 
sprinklers. Attached to the middle of the rear wall is the machine 
shop. Close to it, and at the rear, is the engine-room and boiler-house, 
the former being 120 X со feet and the latter 140 x до feet. Оп the 
first floor are the weaving looms, and here the bales are unpacked. 
On the second floor, weaving, spooling, warping, and slashing are car- 
ried on. On the third floor is drawing, carding, and lapping. On the 
fourth floor are the spinning frames. 

For tbis mill, of about 100,000 spindles, two sets of plans and 
estimates were prepared. One embodied electric transmission of 
power, the other mechanical. The estimates for the electrically-driven 
mill were found to be the cheaper, in that it was possible to— 


(a) Reduce the cost of the building ro per cent. 

(b) Reduce the cost of shafting 61 per cent. (the largest size being 
3 inches in diameter for some few lengths of 12 feet, the 
majority being 2#-іп. diameter). 

(c) Reduce the cost of belting and ropes 66 per cent. 


The above saving more than compensated for the first cost of the 
electrical plant. 

This illustration shows the plan and elevation of the power-house, 
which is designed for a maximum capacity at full load of 4,800 I.H.P., 
divided into three units of 1,600 I.H.P. each, at aspeed of 123 revolutions 
per minute. The engines are of the compound type, having cylinders 
20 in. and 48 in diameter, with a stroke of 42 in., and a steam pressure 
of 168 lbs. per square inch. These engines have a guaranteed steam 
consumption of 1277 Ibs. per I.H.P. per hour. 

The generators are of the three-phase type, having 36 poles, of 
1,300 k.w. capacity at 600 volts, and are directly connected to the above 
engines. The exciting current is obtained from a vertical marine- 
type direct-connected steam set of 75 k.w. capacity, which is also 
utilised for lighting purposes when the main engines are shut down. 
As a stand-by to the above, a direct-current generator of 75 k.w. 
capacity, driven by an induction motor at 600 revolutions per minute, 
is provided. | 

The motors driving the mill are :—22 induction motors, each of 150 
H.P., 550 volts, and 588 revolutions per minute at full load. They are 
suspended from the roof, and generally are direct-connected in the 
centre of a 12 ft. shaft. Where the machines require very slow speed, 
counter-shafts are used, as in the case of looms and carding engines. 

Six induction motors of 20 H.P. at 800 revolutions per minute 
operate four pumps and two hoists. Another motor of the same size 
is used in the opener room, and still another in the machine shop. 
For driving the cloth looms a 5o H.P. motor is installed. 

The maximum requirements of the mill will be 3,600 H.P., leaving 
the balance available for other purposes, one of which is the driving 
of the Capital City Mills in the city of Columbia. 


TEXTILE MILLS BY ELECTRICITY. 
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Illustration of Plans-—“ La Louisiane " Mills, Ghent, Belgium. 
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A point of mechanical interest is the low stack, ro ft. in diametcr, 
the draught being obtained from two r4 ft. fans driven bv electric 
motors. 

The above illustration is a good example of the use of motors 
suspended from the roof beams, іп the Pelzer mill, which takes 
3,000 Н.Р. from electric generating plant three miles distant. 

In the Anderson Cotton Mills the motors and generators are ten 
miles apart. The point to be noted is that no belt or auxiliarv shaft 
comes between the spinning frame and water-wheel. 

Another good example of electricity driving a textile mill is at 
Montreal. Two mills—Hochelaga and St. Anne's—in the autumn oí 
1898 were driven by steam engines. The Hochelaga had three engine:. 
Of two of these one was 28 years old, and the other in a quite good 
condition. 

The St. Anne's mill was being extended, and instead of having new 
steam-engine power, the owners decided upon electric motors for 
driving the mills. They obtain power from the Montreal Royal Electric 
Company, involving transmission from Chambly, 17 miles distant. The 
question of using induction or synchronous motors was discussed, and 
the supply company strongly advocated the synchronous type of motor 
to ensure the company having a good power-factor. However, owing 
to the difficulty of starting these on load, and troubles with the clutch 
heating. so as to cause sparks, they were not used. Ultimately induction 
three-phase motors were installed, which overcame these difficulties. 
Four floors are driven by them. The weaving room has зоо Н.Р. ; 
the carding room has 200 Н.Р. ; the spinning room has зоо H.P. ; and 
the mule spinning room has 150 H.P. The motors and the stairwav are 
contained in a tower built for them, and a belt connects each motor 
with its mill shaft. 

On the fourth floor there are four 60-k.w. transformers (опе as a 
stand-by) for reducing the pressure from 2,200 volts to 500 volts or 
100 volts as required, for about 100 H.P. in small motors. 

To show the development of the electric drive in Belgium, the 
following is a brief description of the Spinning Company's Mills, La 
Louisiane, at Ghent. 

From the plan it will be noted that the mill consists of several 
separate adjacent buildings. These are the outcome of gradual exten- 
sions. Four buildings made up the mill * La Louisiane,” each of which 
was a complete unit with one or more steam engines. The engines 
were small and old, and the power-transmission losses were great. The 
many engines were costly, complicated, and inconvenient to maintain, 
and involved much supervision. 

Owing to recent devclopments, the mill had to be extended, and a 
fifth building added. Thus a new steam engine of 1,500 H.P. was put 
down in a central power-house. It drives a three-phase generator at 
400 volts, and has a frequency of до cycles per second. As soon as this 
was working, three engines were shut down in three buildings, and the 
machines operated by electric motors. 

The power-house is arranged for two three-phase generators of 
500 H.P. each, at 200 revolutions per minute. 
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Illustration of Cotton Mills, Spinning Room- Anderson, South 
Carolina, U.S.A. 
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Illustration of Spinning Room—Pelzer Manufacturing Co., South 
Carolina, U.S.A. 
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All the motors are of the three-phase induction type. They are 
installed either on ordinary foundations, or suspended from the roof, 
as the conditions of each case demanded. 

For lighting purposes, when the engine is shut down, a storage 
battery was installed. Two belt-driven direct-current generators are 
necessary for charging the battery, and are arranged so that they can 
be driven by direct-coupled induction motors at some future date. 

A good cxample of a weaving factory completely drivén by small 
motors is that of Messrs. Gavazzi, in Milan ; 336 looms are driven by 
1-H.P. three-phase motors. In such a case a very high power-factor is 
not to be expected. In their older factory at Desio a two-phase plant 
was installed six years ago for lighting, as they then feared bad regula- 
lation with three-phase generators. 

Messrs. Gavazzi have found great uniformity in the motion of motor- 
driven looms, especially when gearing is used, compared to the older 
belt-driving, which allows during a turning or cycle of the loom a 
series of variations in the speed. | 

They use both incandescent and arc lamps for lighting, and consider 
that the three-phase system gives very satisfactory results. 

The following indicates recent developments in Russia :— 

The Prescheroff Factory, at Moscow, is a large mill, driven by 
motors and steam-driven generators. 

The Central Station is about 1,000 ft. from the buildings requiring 
the power, and bare overhead conductors are used to carry three-phase 
current at 350 volts. 

Two large generators driven by steam engines were installed for 
power, and one small set for lighting. The two larger machines were 
1,574 К.м. and 970 k.w., with 1,800 and 1,200 Н.Р. engines respectively, 
and run at 75 revolutions per minute. 

There are about 265 motors in the factory, varying in capacity from 
4 H.P. to 200 H.P. Separate motors are used for cach frame, in the 
spinning mill, which has a capacity of about 48,000 spindles, in the 
weaving rooms, with about 800 looms, and in the Chintz Factory, with 
about twenty-one machines printing from one to twelve colours. 

The total power generated is about 2,000 k.w., with a power-factor 
of o$. The spinning mill takes 850 k.w., the weaving rooms 200 k.w., 
and the Chintz Factory 950 k.w. 

The Voslauer Kammegarn Factory, at Voslau, in Austria, use electri- 
city for both lighting and driving their mills. 

Their lighting equipment is so arranged that each steam engine 
drives one or several generators, so that all rooms can receive both 
light and. power from the same source. The cellars are lighted by a 
separate generator. | 

Light for the offices, after the regular working hours, is supplied by 
a storage battery, which also supplies light for different places in the 
factory. Light can also be had from this battery in case of a break- 
down, and for repairing work executed during the night. Arc and 
incandescent lamps are used, which are distributed according to the 


nature of the work. For lighting purposes, direct current of 110 volts 
is used. 
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The electric transmission installation supplizs the newly-erecte 
and more distant parts of the manufactory with power, and also serve 
to drive elevators. The transmission is by belt, driven by 50 ax 
100 H.P. motors. 

Three-phase current of 350-volt pressure is used for power work. 

In Мау, 1900, before the Southern Cotton Spinners’ Associato. 
Mr. S. Paine, of Boston, U.S.A., pointed out that only a year ргемошћ 
about 13,000 H.P. of electric motors were used in textile mills in tx 
States, whilst at that date about 30,000 H.P. were in actual service, and 
on order. This very clearly indicates the enormous development 
electric driving of textile mills in America. On the same occa:xa 
Mr. Paine pointed out that nine large textile mills had elect 
generators, driven by steam engines, to furnish electric power fcr 
motors, the horse-power of the mills varying from 600 to 5,100. At 
the present time one electrical manufacturing company alone ha: 
installed 40,000 H.P. of electric motors in textile mills in the USA 

On the Continent, Russia and Italy have the largest and mos 
numerous electrically-driven textile factories. Those in Italv total 

. roughly, about 9,000 H.P., and vary from 120 to 2,000 H.P. each. Some 
of the Italian mills are driven by a few large motors, and others by 
numerous small ones. The same is true of Russia, with, roughiv, 
8,000 H.P., varying from 300 H.P. to 2,600 H.P. per mill. | 

In France, the mills vary from 1oo to 250 H.P. ; in Germany. from | 
250 to 450 Н.Р. ; and Austria, 500 Н.Р. 

From the above it will be noted that the electrical operation of 
textile mills is most highly developed in America. Although on the 
Continent a few examples are found in nearly every country, the 
United Kingdom alone has not shown any great tendency to adopt 
this power for textile work, though signs are not wanting that our 
textile manufacturers are becoming alive to the needs of adopting 
electricity in driving their textile mills if they are to maintain their 
supremacy in the textile field. 


Mr. Mr. P. S. SHEARDOWN thought that in a properly designed factory 

Sheardown. where uniform illumination might be a necessity inverted arcs were 
preferable to enclosed arcs—for example, the cable works of the A. E.G. 
Со. іп Berlin were thus illuminated. Іп a new factory there was no 
doubt that an electrical was far ahead of a mechanical drive, especially 
when uniform speed was essential. It was advantageous, if possible, 
to divide up the shafting and work so as to have only one size of motor 
in the works, or at any rate as few different sizes as possible, as this 
reduced the idle capital tied up in spare pdrts. He emphasised the 
much greater safety of the electrical drive, and suggested that special 
consideration should be given to this, in view of the stringency of thc 
Employers Liability Acts. 

Mr. Ruddle, Mr. M. RUDDLE said that Lancashire led the way in first lighting mills 
electrically in 1881. He thought the author placed the superiority of the 
enclosed arc rather high ; much depended on the manner in which it 
was installed. А 16-c.p. lamp placed in the middle of four cloth looms 
gave a very good light, if the voltage was well attended to. He was not 
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altogether satisfied with the quality of enclosed arc lamps as regards 
intensity and colour of the light, and he had not found anything better 
for matching colours than the open arc. With very cheap gas, as 
obtained in Lancashire, it was sometimes questionable whether incan- 
descent lighting could be made to pay. Не pointed out that in 
Lancashire mills cotton ropes were used, not belts, and therefore the 
slip would not be so great as that stated by the author. 

Mr. G. H. Sayer had tried many experiments in workshop lighting 
by inverted arcs, and had found the slope of roof and nature of ceiling 
very important. In malthouses he had found inverted arcs required 
cleaning two or three times a day, the malt screenings or dust being of 
a cloggy nature. 

Mr. 1. SaNps said that the mill with which he was connected had 
goo or 1,000 incandescent lamps. When first fitted it had been sug- 
gested to try arcs; two were erected, but had to be taken down, owing 
to the great concentration of light ; these were replaced by about four- 
teen incandescent lamps, which were found to be much more suitable 
for the work. Ten years ago the company arranged to pay a contractor 
the same price for electric lighting as they had previously paid for gas ; 
this was continued for a year, after which the contractor refused to go 
on. They now had a plant of their own. In a new mill it was much 
more satisfactory to have an clectric drive, and he believed this accounted 
for America being ahead of us. He recently had to consider the 
question of taking out the main shafting and working motors on to 
subsidiary shafts, but found it too expensive to make the change. 

Mr. W. Brew said that he had fitted inverted arcs satisfactorily, 
and quoted tests of candle-power from open and enclosed arcs on both 
direct and alternating circuits; the mean spherical candle-power taken 
per watt was found to be as follows :— 


Open arc ... I'I6 direct current. 

» . 088 alternating current. 
Enclosed arc... 0°73 direct current. 
0'55 alternating current. 


) с.е 


The cost of carbons was, for open arc £3 per annum, and for enclosed 
arc £1 per annum. He thought that the red rays in underrun incan- 
descent lamps put such lamps out of the question for matching colours. 
The paper was a testimony to the usefulness of three-phase motors ; 
the power-factor mentioned, o'8, was remarkable, and he believed it 
too high unless the motor was fully loaded. He asked if the author 
had made any measurements as to the length of time during which 
motors ran on full load in textile factories. 

Mr. C. P. Сооте Cummins considered that the discussion which 
they had just heard very clearly indicated the great necessity there was 
for some standard of illumination such as the candle-foot, as suggested 
by Mr. A. P. Trotter. It was the business of electricians to satisfy the 
requirements of users of the electric light, and in order to do this they 
must make a study of the illuminating power of electric lamps under 
varying conditions ; and in recommending a system of lighting, careful 
inquiry should be made as to the conditions under which the lamps 
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would be used, such as the state of the ceilings, floors, etc. I£ this were 
done more generally than it is at present, there would be far more 
value to the profession in the kind of discussion which they had just 
heard. As it was, they had one of the very men whom it was ег 
business to satisfy expressing most unqualified disapproval of arc lamps 
as compared with incandescent lamps, and they were not really in a 
position to criticise his remarks, because, whilst he judged the lamps 
by their power of giving him what he wanted, electricians were only 
too apt to judge them by their candle-power. 

With regard to the use of motors, he thought the argument that had 
been used against them, that they necessitated the employment of 
electrical expert workmen, was rather a humiliating one ; there was 
not the slightest reason why the men employed at present to look after 
the machinery should not learn the very little there was to be learned 
in order that they might be able to look after the motor as well. With 
the educational facilities now offered, every man who wanted to learn 
could easily do so. 

Mr. M. OSBORNE, in reply, said that the experience in the United 
States was that inverted arcs were taken out and-enclosed arcs 
substituted. He did not understand how one incandescent lamp of 
16 c.p. could be sufficient to illuminate four looms; he had seen two 
such lamps to cach loom, and thought that one to four looms must be а 
very poor light. It would be found that to give satisfactory light there 
would be required one or two 16 c.p. lamps at least per loom. It was 
certainly more difficult to make enclosed alternating arc lamps than 
the enclosed direct current, but it has been successfully accomplished, 
even for series lighting. As regards candle-power, it was very dithcult 
to measure the candle-power of arc lamps. Enclosed arcs appeared 
not so bright close to the lamp, but the light was more diffused, uniform, 
and gave a more perfect final result, as one's eye had not to adjust 
itself to so great changes of maximum and minimum light. He wished 
there were one standard candle-power. Тһе German standard 15 
only 88 per cent. of the English. 

As to power-factor of three-phase induction motors, this depended 
entirely on the type and design of each motor. With synchronous 
motors or rotary converters it might be practically anything up to unity, 
depending upon the magnetic flux. Over-excitation of such svn- 
chronous machines would help to counteract the effect of the induction 
motors and tend to keep the power-factor of a distribution system at 
unity. 
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NOTES ON THE TESTING OF TRAMWAY MOTORS, 
AND AN INVESTIGATION INTO THEIR CHA- 
RACTERISTIC PROPERTIES. 


By MICHAEL B. FIELD, Member. 


(Paper read at Meeting of Section, April 8, 1902.) 


SYNOPSIS OF PAPER. 


Introductory remarks—Definition of “rating of tramway motors "—Testing- 
frame—Disadvantage of the Hopkinson-method- -Connections employed 
—Description of test—Reduction to standard voltage and standard 
temperature—Example— Results tabulated, Tables, I.-VIII., plotted Figs. 
3, 4—Leading features of motors under consideration— Connections for 
testing with less than 500 volts—Separation of losses, Note r.—Starting 
current—Test for similarity of two motors used— Examples, Tables IX., 
X.— Effect of temperature on full-load efficiency—Prony brake—Deter- 
mination of thermal characteristic—Correction for cooling— Flashing of 
motors—Reversal of direction of rotation—Volt-ampere characteristic, and 


determination of ampere—* curve—Latter very mearly straight line— 


Deduction therefrom, Note 2—Determination of retarding torque, motors 
acting as electric brakes—Coefficients of adhesion in practice —Particular 
case as example—Change of velocity and distance traversed under 
varying accelerations, Note 3—-Tractive effort diagrams—Allowance for 
angular acceleration of rotating parts—Best shape of efficiency curve—- 
Diagram of controller positions for different routes—Average current 
over route—Current for minimum loss—Graphical methods of studying 
acceleration and retardation periods—Importance in connection with 
tube railways—Possible economies to be effected by studying manipula- 
tion of controller—Examples, Tables XI., XII.—Approximate formulze— 
Comparison with graphical methods, Table XIII. 


Very little attention is paid as a rule by British tramway engineers 
to the determination of the characteristic properties of the motors they 
purchase. The author has known cases where important contracts 
have been decided in favour of one firm or another because the par- 
ticular motors offered have been rated higher than those of other 
competitors, when in all probability a full load test would have shown 
the accepted motor to be not one bit superior to those rejected. It is 
often considered sufficient by the tramway engineer to have one sample 
equipment of the new type proposed, mounted on a car and tried on 
the street. If the speed be about right, the motors show no signs of 
violent sparking, and do not become excessively hot towards the end 
of the day's working, the test will often be considered as satisfactory. 
Engineers sometimes specify that the equipment shall be capable of 
propelling a car of given weight over a given route with a stated 
number of stops for not more than a stated energy consumption 


expressed in k.w.-hours, the supply voltage being 500. Any one who 
Vor. 81. 5 
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has made such tests will appre- 
ciate how entirely the results 
lie in the hands of the motor- 
man. 

The author is of the opinion, 
that the most satisfactory 
manner of arriving at the merits 
of the individual types is to 
supplement the above tests, 
taken on the road, by others 
carried out on the same motors 
mounted on a testing frame 
specially arranged for this pur- 
pose. 

It is generally recognised 
now that it does not pay to 
put in motors which, although 
capable of doing all the work 
required of them without undue 
sparking, nevertheless heat 
more than 60° C. in so doing. 
There is consequently a liability 
with different manufacturers to 
rate their motors unequally. 
One, for instance, may call a 
motor a 40 H.P. motor because 
it is capable of delivering up 
to 40 H.P. intermittently, while 
another would call the same 
motor a 20 H.P. motor because 
it was not capable of giving out 
more power for any length of 
time without seriously heating 
the insulation. In order to 
avoid vagueness of this descrip- 
tion American firms have 
adopted the following  con- 
vention for rating tramwav 
motors. The rating of a motor 
Fic. r.—Testing Frame for Tramway is that H.P. which it will give 

Motors. out continuously for one hour 

under working conditions with 

a rise of temperature measured witha thermometer nowhere exceeding 
75° C., provided the atmospheric temperature is not more than 25° C. 

When testing such motors stationary (i.c, not mounted оп a саг), 
the ventilation and cooling facilities are manifestly less than would be 
the case on the road. To counterbalance this the lid above the com 
mutator is usually left open, which has been found by experience to 
give a fairly correct compensation for the altered conditions. 

The author has adopted this as a basis of comparison of a number 
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of different types of tramway motors in the past, and proposes to 
illustrate in this article how readily such motors may be quickly 
tested, and all their characteristic properties ascertained, in a practical 
workshop manner. 

The motors under test are erected on the testing frame shown in 
Fig. 1, one of the gear wheels supplied with the equipment being used 
for the purpose. M works as motor, driving G, which works as 
generator, and is loaded on a water resistance. The current, after 
traversing the armature and field of M, passes also round the field of G. 
M and G being exactly similar, having the same ampere-turns on the 
field, and running at the same speed, it may be assumed that the iron 
and friction loss in each is the same. "This is very important, as it 
enables us to arrive at the efficiency of M, and at the same time to 
separate out the losses far more accurately than can be done with the 
Hopkinson method.  . 

For example, if we wished to determine the efficiency at 500 volts, 
50 amperes, by means of the Hopkinson method, we could either 


FIG. 2. 


supply the losses mechanically by driving the combination by means 
of a beit, or electrically by including in the circuit an additional 
E.M.F. Suppose at 50 amperes the СК loss amounts to 9 per cent., 
and the gear and iron loss to 8 per cent., i.e., efficiency of the motor 
— 85 per cent. ; then in the first case it would be necessary to weaken 
the field of one motor by 18 per cent., and in the second case by 16 per 
cent. Under these circumstances it would be manifestly incorrect to 
take the square root of the combined efficiency as the efficiency of 
each motor. 

Fig. 2 shows the diagram of connections for the method above 
described, and illustrated in Fig. r. 


If „Ка == resistance of motor-armature. 
E NEL. m generator-armature. 
„Ку == T motor-field. 
Then A, V, == input. 
A.V, = output. 
А.У, — А.У; = total loss in motor and generator (but 
exclusive of generator field). 


aU 
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Subtracting from this the loss Ал (aR. + mR, + A? pRa or the 
known ohmic losses, we have as a remainder the total loss in motor 
and generator covered by hysteresis, eddies, friction, windage, etc. 
But for reasons already given, we may with very great accuracy 
apportion this loss half to the motor and half to the generator. The 
efficiency of the motor is then easily calculated. The voltmeter г 
allows of the resistance of the motor field being taken with cach 
reading of input, output, etc.; the resistance of the armature is best 
taken at the beginning and end of each series of tests, when, if time 
readings be also taken, the actual resistance of the armatures for any 
particular reading may be easily found by interpolation. By taking 
simultaneous readings of supply voltage, current-input, speed, etc., etc., 
we can construct curves for k.w.-input, efficiency, hence H.P.-output. 
Then by aid of the speed curve we obtain tractive effort, and the volt. 
ampere characteristic for any desired speed. , 

With the exception of the last named all other results should be 
reduced to a standard voltage, say 500, and a standard temperature, 


say 20? C. This may be readily done, as the following example will 
show :— 


Take А, = 50 amperes. 
V,= 490 volts. 
„К. 2457 ohms determined by interpolation from initial and 
final readings, being approx. at 47? C. 
(„Ка == 414 ohms at 20? C.). 
(Ка = 446 ohms determined by interpolation from initial and 
final readings, being approx. at 40? C. 
(„Ка = '414 ohms at 20? C.). 
„Ку == '541 ohms determined by interpolation from initial and 
final readings, being approx. at 74? C. 
(mR, == "448 ohms at 20? C.). 
A,= 40 amperes. 
У, == 421 volts. 
Speed = 422 r.p.m. 
In this case the input == 24:5 К.м. 
» » Output = 16:84 k.w. 


The actual total ohmic 1055 in armature and field of motor = 502 x 
(457 + '541) = 2'5 k.w., and in generator armature = 40? x '446 =-714 
k.w., hence the total iron, friction, and windage loss = 4:45 Е.М. 

Now, of the 490 volts supplied to the motor, 5o volts are required to 
overcome ohmic resistance, leaving a back E.M.F. of 440 volts. If, 
however, the supply had been 50 amperes at 500 volts and the tem- 
perature 20? C., the back E.M.F. would have been 457 volts, 7.¢., the 
speed would have been 439 r.p.m. instead of 422 r.p.m. We may then 
with great accuracy increase the iron and friction losses found above 
in this proportion, and dividing by two we obtain 2:31 k.w. as the 
motor iron and friction loss at 50 amps., 500 volts, 20? C. Using now 
the true values of the armature and field resistances at 20? С. we 
obtain as the corrected efficiency of the motor at 500 volts 50 amps. 
and 20° C., the result of 82 per cent. 
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Following this up, we should get with a 4:86 gear reduction (14 : 68) 
and 3o-inch wheels, a speed of 8:1 miles per hour, an output of 27:5 
H.P., and a tractive effort at the tread of the wheel of 1275 Ibs., 
making no deduction for journal and rolling friction of the car truck. 
Tables I.-VIIT. give the readings taken recently during tests on two 
different types (say P and Q) together with calculations thereon, while 
Figs. 3 and 4 show the various properties of the motors represented as 
curves, reduced to 500 volts and to 250 volts respectively, and to 20? C. 
In plotting the tractive effort curves no allowances are made for 
journal and rolling friction. In making calculations it is therefore 
necessary to deduct 15 to 20 Ibs. per ton dead weight from the total 
tractive effort of the two motors, as given by these curves. This gives 
the effective tractive effort, producing acceleration or available for 
overcoming a grade as the case may be. 

The leading features of the motors P and Q аге as follows :— 


P | Q. | 

Diameter of armature .. d ..| 346 mm. 345 mm. | 
Length of iron of armature 189 ..| 190 mm. 180 mm. 
Number of slots  ... vs s 37 53 

P commutator bars... nio III 105 

T armature coils EN “-| 37X3 | 105 
Number of poles ... ve Кр ОЕ 4 | 4 
Gear ratio ... | 4°86 4°86 
Weight of motor (without gear a and gear | 

case) ..' 1856 165. | 1924 Ibs. 


Weight of armature and pinion .. .. 476 Ibs. | 478 Ibs. 


Fig. 5 shows the connections for carrying out the 250 volt test, 
current being taken from the 500 volt supply. By adjusting the three 
plates in the water tub suitably 250 volts may be maintained at the 
terminals of the motor with any desired current strength. 


FIG. 5. 


With the arrangement shown in Fig. 5 a whole series of tests may 
be carried out at different voltages. If the iron losses be separated for 
i each reading and plotted, a set of curves can be obtained showing the 
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variation of iron and friction losses with speed for each field strength. 
Then adopting Kapp’s method, viz., plotting loss divided by speed, or 
back torque with speed, it should be possible to separate out the 
Foucault current losses from the total iron and friction loss. (See 
Note 1 at end of Paper.) 

For determining the starting current of a motor (this being the 
starting point of the efficiency curve) one motor is removed entirely 
from the frame, and sufficient resistance introduced into the circuit of 
the other to bring it just to the point of starting. It will be shown 
later that the determination of this starting current is of considerable 
importance. 

It is to be noted that the method of testing already described 
depends entirely on the assumption that the motors M and G 
are sufficiently similar, that with equal field currents and the same 
speed the E.M.F. generated in each armature is the same. A very 
slight difference in the length of the air-gap of the two motors would 
make this an unwarrantable assumption; but the author has found 
that with motors manufactured by good firms the assumption is well 
founded. In any case it is easily tested. The supply voltage to motor 
M and the drop in volts in the motor itself are known, hence the 
back E.M.F. Similarly the terminal volts of G and lost volts in 
armature of G are known, hence the “generated volts” of G can 
be determined. Since in both machines the brushes are exactly in the 
neutral position, the back E.M.F. of M should be the same as the 
“generated” E.M.F. of G if the above assumption be correct. 

Tables IX. and X., which have been worked out for the two types 
of motor “Р” and “Q,” show how nearly the E.M.F.'s of the two 
motors of similar type are in agreement with one another. 

In this connection it will be well to point out that a difference of 
5 per cent. in these E.M.F.'s will not produce an error in the total 
efficiency, calculated as already explained, of more than o'2 per 
cent. . 

In specifying efficiencies it is important to specify the temperature 
at which the test is to be taken ; at the end of the hour’s heat run, for 
example, the resistance will often be 30 per cent. higher than at the 
beginning, which may mean a diminution in the efficiency of fully 
3 per cent. 

Fig. 6 shows an independent method that I have occasionally used 
for obtaining the torque curve. The cast-iron pulley of the Prony 
brake is hollow, and partly filled with water, which effectively keeps 
down the temperature of the brake blocks within reasonable limits. 1 
have used such a brake up to 100 H.P. The length of the arm in this 
case is 5 feet 3 inches, this being so chosen that the Ibs. pull x 
revolutions per minute — 1000 = Н.Р. The diameter of the cast-iron 
pulley is 30 inches, so that it exactly corresponds to a car wheel, the 
force at the tread being that indicated in the spring balance, multiplied 
by 4:2 and corrected for the weight of the lever arm. It is sometimes 
convenient to arrange a balance weight to counter-balance the weight 
of the lever arm, so that no correction is needed for this. 

Returning now to the purely electrical method, I have found that 
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in carrying out the one-hour heat run it is most convenient to emplov 
a special switchboard, Fig. 7, in which all the necessary connections 
are made once for all, the measuring instruments, after being 
standardised, being dropped into pockets and connected in circuit. 
Before the commencement of the test (which we will suppose is 
being made to determine the rise of temperature after one hour at 
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50 amps.) the connections between the terminals marked A*, and 
Капа between C and ЕК" are removed, and those between C and A? 
established. The current is now adjusted to 5o amps., and readings 
are taken with the three-way switch in positions r and 3. This gives 
the initial resistance of the two armatures, including carbon brushes 
and brush contacts (care having previously been taken that brushes 
are well bedded and not canted). A similar test is taken after the 
hour’s run to determine the final resistance. If the rise of temperature 
as determined by rise of resistance be desired, it is best to have a 
copper brush that may be slid in in place of the carbon brush, as better 
contact will then be obtained. 

To obtain the correct temperatures at the end of the heat run the 
author has found it best to employ bent thermometers, as shown in 
Fig. 8. Two holes are drilled through the motor case, through one of 
which a thermometer can, immediately after the test is finished, be 


N 
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dropped down on to the surface of the armature. The bulb of the 
thermometer is protected by a cork hood to insulate it thermally. The 
second thermometer is packed into a pocket formed in the side of the 
field coil so that its bulb is lying up against the winding, as shown in 
Fig. 8. 

With this arrangement the two thermometers are gradually rising 
towards their final temperature throughout the test, upon the conclusion 
of which no time need be lost in bringing T down on to the surface of 
the armature. A short interval of time must, however, elapse before 
the final temperature can be recorded, especially if a cold thermometer 
be laid upon the commutator to determine the rise of temperature of 
the latter. 

It, however, time readings be taken from the finish of the test until 
the maximum temperatures are recorded, and then for an equal length 
of time further (during which the motors are cooling), a correction for 
the cooling-off during the first interval can readily be arrived at. 

If the motors have to be opened up before the thermometers can 
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be applied to the surfaces it will be found that usually fifteen minutes 
elapse, and often a considerably longer period, before the final 
temperatures are recorded, during which time the motors will have 
cooled to a considerable extent. 

In making this test care should be taken that there is no excessive 
pressure between brushes and commutator, also that there is по 
sparking which can be avoided—that is, which is not inherent in the 
motor, e.g., such as might result from unfair vibration of the frame ; for 
an abnormal commutator temperature will naturally heat the air inside 
the motor case to a greater extent, and cause both armature and field 
coils to show a higher final temperature than otherwise.' 
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FIG. 9. 


* The following figures are interesting as bearing on the subject. The 
same motor was tested twice at exactly the same load. In the first case the 
brushes were sparking badly and the friction was excessive. The incr 
rise of temperature at all parts could therefore only have been due to the 
great temperature-rise of the commutator. 


Test I. One hour's run :— 
Final temperature of Armature 68° C. Rise 49° C. 
s ió Field Coils 7? C. , srC. 
" Ж Commutator 111° С. , 92°С. 
5 5 Atmosphere 19°C. 


Test П. Same molor, same load, one hour's run :— 
Final temperature of Armature 68°C. Rise 43° C. 
^ - Field Coils 67:529 C. , 47°5°C. 
m ii Commutator 63? C. „ 43?C. 
Ч is Atmosphere 20? С. 
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By making a series of such tests at different current inputs, in each 
case allowing the test to continue till 75° C. rise is reached at some 
part of the motor, the thermal characteristic can be obtained. It often 
happens that at the upper part of the curve the temperature is governed 
by the armature and at the lower part by the field coil. As an example, 
Fig. g shows the thermal characteristic for the well-known, though 
somewhat old-fashioned, G.E. 58 motor. 

Before removing the motors from the testing frame it will be found 
a good plan to try them for flashing by connecting them up to a 
rheostatic brake controller, running them at a high speed, and then 
applying the brake (7.е., short circuiting the motors after reversing the 
field connections, under which circumstances they act as generators 
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FIG. 10. 


generating current in the closed circuit). A comparison of different 
motors from this point of view is of great importance. 

In carrying out this test an interesting phenomenon will be noticed, 
viz., that if the brake be suddenly applied to the motors while running 
at a high speed they will quickly stop, and then run round in the 
reverse direction for a few revolutions. The reason of this most 
probably is that, owing to the large self-induction and small resistance 
of the short-circuited motors, the current generated has not died away 
by the time the motors have Been brought to a standstill. This current 
still circulates then round the circuit as if supplied from an outside 
source, and the field magnets being reversed, the direction of rotation 
is reversed. There is, however, no further tendency to reversal of 
rotation, for the motors running in the reversed direction will not at 
any speed whatever generate current as generators unless their fields 
be again reversed. 
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Before leaving the subject of rheostatic braking the following con- 
siderations will be found of interest and importance :— 

The E.M.F. generated in the armature of the motor working as a 
generator will be proportional to the speed n multiplied by some 
function of the current representing magnetic flux. We have in 
fact :— 


У = СЕ = (С) or = = (С). 


Е = fic 
Now, from the volt-ampere characteristic, which is easily constructed 
for any given speed from the figures tabulated, it is a simple matter to 


obtain the value of B corresponding to any current strength. 
Fig. 10 shows the volt-ampere characteristic for motor P, and the 
ampere — Б curve for two motors connected in parallel as in Fig. 11. 


(See Note 2 at end.) 
It is to be noted that when the motors are being supplied with 
power from an external source the trac- 
i tive effort at the tread of the wheel 
represents a smaller turning moment 
than that exercised on the armature (bv 
the mutual action of field and armature 
: current) multiplied by the gear ratio, bv 
an amount depending on the iron and 
gear losses. When, however, the motors 
are short-circuited and acting as brakes 
the torque exerted by the rail on the car 
Fic. гі. wheel must be greater than the retard- 
ing torque on the armature multiplied 
by the gear ratio, by approximately the same amount. 

This means that a larger current can be put through the motors 
when supplying them with power, without skidding the wheels, than 
can circulate when the motors are themselves generating current to 
brake the car. 

We may look at this matter in the following light :— 


Referring to Fig. 11, we have n, + y; + »,— 1 ; 
also VC = Input into motor 
Hence VC, = Output 
VCn, = Gear, friction, and iron loss 
VCn, = C?R (R being resistance of motor). 


If n = actual speed 
у = theoretical speed, ;.е., if R were zero 
T = actual torque at tread of wheel, motor being supplied with a 
current C 
r = theoretical torque, 1.е., if gear, iron, etc., loss were zero. 


Then the “ speed efficiency " or : —1-—1m9, 
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and lost speed ог (у —п) = . ™- n 
I—n, 
also the “ torque efficiency,” or To. 
T mtn 
and lost torque огт — T = "= T 
N: 
Hence— 
Retarding force at tread when generating current С _ т, + 2m, 
Tractive effort at tread when receiving current C as motor т 


OUTPUT 96 оғ 
NPU 


AMPERES 
C 
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Taking this into consideration, the retarding force at the tread of 


the wheel has been shown also in Fig. 10 as a function of Б. Now, we 


may take the adhesive force of a tramcar under different conditions as 
follows :— 


Greasy rail ... ... ... 8-10 per cent. of dead weight. 
Wet rail ics: v cs 15 | 
Dry апа clean... ... 20 
СНУ, ы А 25 
Sanded ... ... ... ... 30 


» » 


» » 


” » 
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We will further take the resistance of .each motor at "06 ohm., and 
the external resistance on the different notches of the controller at 935, 
7, 31. 1'1, and o ohms. respectively, t.e., 


Notch 1. Total resistance in circuit = 9°78 ohms. 


3) 2. ,, 3) » == 7'48 2; 
А0 Ж T j = 3'58 , 
» 4. м» » » = 1'58 3? 
3? S. » 24 3 = "48 э) 


Referring to Fig. то, we see that with a 12-ton four-wheel car, pro- 
vided with one motor on each axle, travelling 19°5 miles per hour, with 
the controller on the first notch the retarding effort per pair of wheels 
will be 2,000 lbs.—i.e. the wheels will be on the point of slipping on a 
wet гай. Now let the retarding effort fall to 1,040 lbs., then ET 
г43--1.6., n= 14 miles per hour. Suppose the controller is then 
moved on to the second notch, retarding force == 1,800 lbs. The 
speed falls to, say, 8:5 miles per hour before proceeding to the third 
notch, and so on, thus :— 


Notch r. Retarding force falls (rom 2,000 to 1,040 ; speed from 105 to 140 


» 2 » » 1,800 » 650 , ” 140 . 55 
” 3. ” ” 2,760 ” 500 , » 85 37) 
» 4 » ’ ” ’ » 375 го 


Hand-brake applied. 

On a good gritty rail there would probably be no slipping of the 
wheels, but on a wet rail there would probably be slipping for a 
moment when first coming on to the third and fourth notches 
(Note 3.) 

It will be at once recognised that the curves shown in Fig. 1o are 
most useful in helping us to estimate the heating effect on the motors 
and resistance, due to coasting down long grades with the rheostatic 
brake on, and are further applicable in all cases where this type ot 
brake is employed, such as for cranes, lifts, hoists, mining machinery. 
etc., etc. 

For studying the probable current required along a given route it is 
convenient to have the tractive effort necessary for propelling a given 
weight of car up different gradients, and for accelerating, drawn out 
on the same sheet. As an example, examine Fig. 13, drawn out for a 
12-ton car as above described. The rolling and journal friction of the 
car-truck have been allowed for in the gradient line. They may, of 
course, be represented by a small up-grade. Thus this line does not 
pass through the origin. 

In calculating the force necessary to produce a given acceleration 
it is necessary, not only to consider the lineal acceleration of the car as 
a whole, but also, the angular acceleration of all rotating parts. 

We must, in fact, increase the actual dead weight of the car by a 
certain amount when calculating accelerations, to allow for the angular 
acceleration of motor armatures, wheels, etc. 
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If W = dead weight of car with all accessories in lbs. 
7, = radius of gyration of armature shaft with armature, com- 
mutator, and pinion. 
r, — radius of gyration of axle, with car wheels and gear wheel. 
r — radius of car wheel. 
w, — weight of armature shaft, armature, commutator and pinion 
in Ibs. 
W, = weight of axle, two car wheels, and one gear wheel in 165. 
p = gear ratio. 
T =tractive effort—measured at tread of wheels—per axle, 
in Ibs, 
a — acceleration of car in miles per hour per second. 
Then for a four-wheel car with two motors— 


А И” а 
Т = ‘0456 | 2 а + (то, пр + w, 7.) 5 | 
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Thus for an ordinary case, such as has becn assumed, from 9 to ro 
per cent. should be added to the dead weight of the car, to allow for 
the angular acceleration of the rotating parts. This has been allowed 
for in Fig. 13. 

Suppose we wish to find the current to accelerate a car up a grade 
of 5 per cent. three miles per hour per second, we see that for the 
acceleration alone 2,020 Ibs. tractive effort is necessary; to this we 
add 800 Ibs. to overcome the grade and friction, obtaining a total of 
2,820 Ibs. 

On greasy rails the wheels would slip, but on sanded rails the car 
would mount with the desired acceleration with 9o amperes (motors in 
series). 

Having obtained all the characteristic curves relative to the motor, 
the question at once arises, at what point is the efficiency of most 
importance to us, i.e. to say, what shape should the efficiency curve 
have in order to get the greatest commercial advantage ? 

This is a most difficult point to settle; it will naturally depend on 
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the nature of the route, hilly or otherwise, amount of traffic, average 
number of stops per hour, skill of motorman, maximum speed allowed 
by the Board of Trade, and a large number of other factors. I prefer 
to divide up the journey into five periods—(1) Current cut off; (2) 
running with resistance in circuit, motors in series; (3) full series; 
(4) resistance, with motors in parallel ; (5) full parallel. 

To show you roughly the proportion of these intervals I have con- 
structed diagram Fig. 14, which shows three complete journeys at 
different times of the day, on different routes, and with different 
motormen. Time is represented horizontally, and the various inter- 
vals which were carefully observed under normal traffic condition: 
blocked in to form a square diagram. These journeys give the 
following analyses :— 


Ич ÓÁ— 7 = u^ m LL. аз, Шы 255. ee 


Total Total Time in Seconds for Periods. 
Journey. pis Time. ШЕНОН ИИ 
Ѕесѕ 1 2 3 4 5 
Springburn to А 5 _ 
Боро вы 11 a.m.- 5,070 2,756 | 625 758 253 678 
and back .. 12.30 | 54296 | 124% | 15% 5% 134% 


and back ... 


4 p.m.- 
London Road 
ы 4-55, and < | 3,531 | 1,158 | 1,217 | 105 жу 
to en 3.30- 6,415 549% 18 % 102% 16%, 6%, 
4.20 р.т 
; II.15 a.m. 
oun E puer -12.5, 16-48 | 3,600 | 1,124 | 1,507 | 142 36 
o Maryhill | and 12.5- | 9739 | 533% | 167 % | 225% | 21% 54% 
and back | I p.m. 


—— — 


Suppose after taking a large number of such tables on different 
routes, at different times of the day, and with different experienced 
motormen, we come to the conclusion that the current is cut off for 
50 per cent. of the whole time, the series notches are in use during 
35 per cent., and the parallel notches during 15 per cent. of the whole 
time. 

Suppose, further, that from readings taken in the power-station we 
find the average current per car — 15 amperes, then the average current 
per car taken over the time that the current is actually on will be 
30 amperes. We may assume, moreover, that the average current on 
the parallel notches is twice that on the series notches, which will 
result in an average current per motor of 23 amperes. In all pro- 
bability the average current per motor during the time the motors are 
in full series and in full parallel] will be less than this rather than more. 
since the momentary rushes of current during acceleration on the 
different controller notches are considerable. At present the avcrage 
current per car for the Glasgow system is more nearly 12 amperes 
than 15 amperes, and it is, therefore, from considerations such as these 
that I am led to the belief that in Glasgow, at any rate, the 250-volt 
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efficiency curve just about the bend is of very great importance, and 
we should try to have as high an efficiency at this part as possible, even 
at the expense of a drooping efficiency curve at the higher current values. 

This part of the curve is most difficult to obtain accurately, but a 
large number of points should be taken, so that the true shape of the 
bend can be studied. There is one point for each motor where the 
total motor loss will be a minimum. I have shown a “total loss" 
curve in Figs. 3 and 4; in Fig. 3 is shown the total loss in k.w. at 500 
and 250 volts, and in Fig. 4 total loss in h.p. at 500 volts. 

In Fig. 4 the line for h.p. input is also drawn to same scale, so that 
the difference between this and “ total loss" curve represents b.h.p. at 
300 volts. 

It is interesting to compare the current corresponding to minimum 
loss with the average current per motor. 

The writer is convinced that in many cases a considerable economy 
may be effected by giving due consideration to the manipulation of the 
controller. 

Undoubtedly the most satisfactory way of studying the acceler- 
ation as also the retardation - periods is by means of a recording 
ammeter actually installed on a car. 

My predecessor, Mr. A. E. Le Rossignol, worked with such an 
apparatus, it being arranged to record not only current, but speed, and 
the controller notch, simultaneously. This apparatus has been for a 
long time out of order, so that I am unable to place before you the 
results of any such tests. I hope, however, before long that we shall 
have time to set up this apparatus again in a practical shape. I will con- 
tent myself, therefore, with merely giving here some graphical methods 
devised by myself for determining with considerable accuracy the 
current consumption and the curves of current, velocity, distance 
travelled, etc., during the acceleration and retardation periods. First, 
let us look at the retardation diagram, Fig. 15. Current per motor is 


plotted horizontally, and to the rigbt-hand side a scale for values of Б 


is constructed vertically. Continuing in the same horizontal аз the 
current scale a reversed speed scale is marked off, and a straight line 
curve connecting the values of R and л is drawn for each value of R 
1.е., for the five controller notches. Тһе curve connecting retarding 
force at the tread of the wheels and Б is further constructed, the 
retarding force in lbs. being plotted horizontally. Beyond this a 
number of straight-line curves connecting retardation in miles рег 
hour per second and Ibs. retarding force per axle for a 12-ton car and a 
number of different grades have been drawn in. The friction of the 
car is here represented, for sake of simplicity, as 1 per cent. up grade. 
This diagram then gives us very full information. We see, for 
example, we shall have 50 amperes per motor circulating, provided the 
car is travelling 17 miles per hour on first notch, or 13 nearly on the 
second, or 61 on third notch, or 2% on fourth notch, and so on, and for 


no other speeds. We see further that the retarding force for each of 
Vor. 81. 86 
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these speeds with the corresponding notch is 1.600 Ibs. ; that on greasy 
rails this would cause skidding of the wheels, but on a good wet rail 
ample adhesion would be obtained. Lastly, the same diagram gives s 
the retardation in miles per hour per second corresponding to the above 
retarding force on any up or down grade between o and Io per cent. 
We have then, with 50 ampcres on the first notch, speed = 17 miles 
per hour, and a negative acceleration of 2°6 miles per hour per second 
on the level, or 2 miles per hour per second on a 3 per cent. down 
grade. Similarly for 35 amperes, if we follow the 35 ampere ordinate 
till we meet the current curve, then horizontally to the right till we cut 


Fic. 16. 


j; line and drop vertically downwards on to the speed scale, we 


arrive at 1374 miles per hour. Then travelling to the left after meeting 
the current curve till we cut the retarding force curve, then vertically 
again on to the “level grade” line, and again horizontally on to the 
vertical negative acceleration axis, we get for 35 amperes a value of 1:65. 
The mean retardation between 50 and 35 amperes is therefore 2:12 on 
the level, and the change of velocity 3:6 miles per hour. We may still 
continue graphically to find the time-interval required and space 
traversed. Refer to Fig. 16. Mark off on the vertical scale the mean 
negative acceleration 2°12 and the change of velocity, 3:6 miles per 
hour. Join the former point with the point denoting one second on the 


the 
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time scale and draw a parallel through 3°6, when we find the time- 
interval 17 seconds. Now mark off on the lower vertical scale the 
mean velocity during the interval, j.e., mean of 17 and 1374, ОГ IX 
miles per hour. This, it will be seen, corresponds to 2273 fect per 
second. Hence join this point with the point on the time scale denot- 
ing one second, and draw parallel through r7 seconds, giving the 
result of 38 feet as the distance traversed during the interval in question. 
We should then take, say, 28 amperes, and, proceeding as before, tind 
the new time-interval, and other values corresponding to the range 
35-28 amperes, and so on, constructing the various curves as We go. 

The writer personally prefers not to make use of Fig. 16 at all, but 
to plot current, time, and velocity as determined from Fig. 15 ona 
separate sheet and obtain the space-curve by integrating the velocity- 
time curve. 

The acceleration diagram is somewhat different, see Fig. 17. Honi- 
zontally * total amperes " and acceleration scales are constructed, with 
a speed scale (not reversed) to the right as before, volts and tractive 
effort being plotted vertically. The ampere-volt-characteristic for 10 
miles per hour is then drawn in (dotted). This is first doubled in the 
vertical and then in the horizontal direction, two new curves marked 
“total volt—ampere” and “total ampere—volt characteristic " being 
obtained. With soo volts as the radiating point straight lines are 
drawn denoting the total CR drop in the circuit for the ditfercat 
values of the resistance on the various notches, the volt-drop being 
measured vertically downwards from the horizontal passing through 
соо volts. Measuring from the zero line upwards we get back E.M.F., 
or 500 — CR. The upper characteristic gives the volts for two motors 
in series (with the same current C) if running at 10 miles per hour, 
hence by drawing parallels on to the speed axis we obtain the true 
speed at which the car is running. 

An example will make this clear. Total current is 50 amperes. 
controller on R, i.e., second series notch. Resistance = 502. Follow- 
ing the ordinate for 50 amperes vertically till it cuts the R, line, we 
find the length intercepted betwcen the horizontal zero axis and К,, ог 
back E.M.F. = 249 volts, the СЕ drop being 251, viz., the portion inter- 
cepted between the R, line and the horizontal drawn through 500 volts. 
Following the same ordinate upwards to the dotted curve we see that 
5о amperes give a back E.M.F. of 580 volts, hence two motors in serie» 
give 1,160 volts (i.c., the point on the upper characteristic). 1,160 volts on 
the vertical axis, on the right-hand side of diagram, is therefore joaned 
with 10 miles per hour on the speed scale, and a parallel drawn through 
249 volts, giving an actual speed of 2°15 miles per hour. When working 
with the parallel notches we use the lower characteristic, since for any 
value of total current the amperes per motor are only half, and the 
voltage for any current on this curve is the same as for half the current 
measured on the dotted curve. 

Accelerations, time intervals, and distance traversed are found 
exactly in same way as in the braking diagram. We have here, there- 
fore, all information available for building up the whole acceleration 
diagram and computing the current consumption. 
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Figs. 18 and 19 show the actual time-current, and time-speed curves, 

for the various controller notches, for motor P— 

I. When braking on the level. 

2. When braking on 4'5 per cent. down grade. 

3. When accelerating on level. 

4. When accelerating on 4'5 per cent. up grade. 
They have all been calculated on the time-interval method above 
described, and on the assumption that no slipping occurs. 


~ 


EB А SSSA TN 


| ~ 


R 
х 
R 
$ 
ә 
3 
t 
5 
: 


+- 
È 
27” 
ER 


Rmo н И ЖШ ИР Ace eee aes 


|! М ЕР, АШУ” 


These curves enable us to formulate any programme whatever 
during the braking or accelerating periods on the given grades. We 
can, in fact, fit the various curves together in any way we like, and 
determine the current consumption, and time-speed curves for rapid 
accelerations or gradual accelerations. We have only to remember 
that the initial speed on any one notch must be the final speed on the 
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previous notch, and to postulate the length of time-interval to be 
allowed on each notch, in order to pick out the right portiom of the 
current and speed-curves. Figs. 20 and 21 illustrate this, and need no 
further explanation. 

These considerations are, of course, of the greatest importance when 
dealing with heavy, quick-service railways for city traffic with frequen! 
stops, such as tube-railways, etc. 

American engineers moreover (especially those who sell car-watt- 
meters) claim that, with ordinary tramways, variations amounting to 
from 20 to 30 per cent. in the total energy required by different motor- 


| Y A LHA +. 


+ ја CELE ING 


SPEED /N MILES PER HOUR 


men, to drive the same car over the same route under the same con- 
ditions, are not uncommon. (See Note 4.) 

Of course bad habits on the part of the motormen, such as applving 
the brakes before the current has been completely cut off, not cutting 
off the current soon enough before a recognised stopping-place, and 
thus failing to get any benefit from the kinetic energy in the car, of 
starting the car with the brakes partly on, сіс., etc., may largely account 
for these discrepancies. Every motorman is supposed to have sufhcient 
common sense to attend to these points, but over and above that. 
considerable waste may occur owing to too gradual acceleration. 
Table XI. gives one an idea of the extent of this. We see that on the 
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level the current consumption, as worked out from a combination 
diagram such as Fig. 21, may be at least 13 per cent. higher when 
accelerating gradually than when the acceleration is moderately rapid. 
On the up grade the difference indicated by Table XII. is 18 per cent. 
In each case the same distance is passed through, and practically the 
same final velocities are reached, so that the comparisons are as fair as 
can be. 

It is needless to point out that a lengthened period of acceleration 
really implies running for a greater length of time on the resistance 
notches, which is manifestly inefficient. 

In conclusion, I will merely add a few approximate formulz for 
calculating the time-intervals corresponding to given current ranges, 
which are convenient if one desires to determine roughly the curves 
shown in Fig. 18 and r9, by calculation. 

The formula are based on the assumption that Б can be represented 
by the expression a + 8 C (see Nole 2). This will be found to be very 
nearly correct for up-to-date tramway motors over a considerable range. 
It cannot, of course, be pushed too far, but the formulz here given 
must be used with discretion, the values of a and 8 being determined 
for each type of motor considered. 

Let V=supply voltage. 

C, C, = higher and lower limits of current range (total current). 
Е, Е, =the back E.M.F.'s of motor with currents C, and C, at 
speed m. 
r = total resistance in circuit. 
= mean effective tractive effort, or retarding effort pro- 
ducing acceleration, either positive or negative as case 
may be, corresponding to range C, — С,. 
« — acceleration. 
п.л, = initial and final speeds corresponding to C, and С,. 
Then in case of applying the electric brakes— 


nom (а + 83). 


n, 2 (а + " ^ 
csi est Bes en) ow Ux» dE. X. (1) 
2 


Mc EE г 


In the case of acceleration— 


А ы (У--С,”) 
| | = initial and final speeds, motors in series. 


n ` 
2 Е, (М = C, r) 


* N.B.—In Fig. то current fer motor is plotted with total resistance ; we 
are here dealing with fofal current and total resistance. 
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АМ — С, Д 


j "= ,, „ ” ” ” » parallel. 

= (у — С, J 

Е, 
Ви “os Crs а + 3C, and Ё = а + BC, motors in series; 
also = a + Pts and ees а „бе: | " » parallel. 
Hence— 


n, — n, = (C, — С, 1- Ха + 2 motors in series 
46.6. 4 


п п=(С.— С) ] Y M T » parallel, . ty 


CC. 


And the time-intervals in the two cases are expressed by— 


Me e Va en | 

РА +С, С, 4 . “ е е . т . . E 

С,-С,( Va art j 
mE 1 C, C, + • . • • • LJ . . 


Іп the case of the 12-ton car before referred to, using the values 
0'554 and 00237 for a and 8 respectively, we can write :— 
Braking— 

п, — П, == 00118 r(C, — C); 


time-interval = 8:03 


(C, жаы C,) 
Де —. 


Accelerating— 
(5) becomes | Е ne “128 + ovoso л}. 
(6) » 92% lé 277 7 + оопву |. 


Table XIII. gives a comparison of a few values, calculated from the 
above formulze, with the correct values. I have now to acknowledge 
my indebtedness to Mr. G. Braid for the help he has given me in the 
preparation of the various tables and figures included in this paper. 1 
further wish to mention that the results of actual tests have been 
appended here, not so much on account of the information they contain 
in themselves, as to exemplify the methods of testing and investigation 
with which the paper treats. 
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TABLE I. 


TEST OF TRAMWAY MOTOR, TYPE P. 


Table of Observed Readings at 500 volts. 


| 
Motor. | Generator. | Motor Field. | 


— ye ee 


tm th e 
eot e 
"n Mas ле "T dn a 
^2 volts. Amps. Volts | Amps. Volts. | Amps. = 
RES M | | 
| 
I 523 |! 238 491| 15 | 12 | 23 643 
| 2 504} 30 + 461 | 23 | 152 | 305 ! 631 
23 500 | 345! 451 | 265 | 175 35 | 504 | 
(4,497 | 493 | 439 | 32 2077 | 
© 51484 | 452 420 | 36 | 235 | 465 | 441, 
, 6 488 503 416 | 407 | 255 505 | 422. 
227 485 | 547 | 406 | 443 | 28 
8. 475 | боз 387 | 503 | 31 | 61 |380 
9 483 | 652 387, 533 | 33 | Ó} | 372 
| 10 484 | 702 | 380 | 58 30°7 | 
E | 475 | 76 | 360 | 62'8 | 40% | 755 | 330 
|12 476 | 815 , 351 | 68 437 | 80 325 
' 13 ; 461 | 852 329) 713 | 48 88 | 303 | 
14 | 456 92 | 314 77 | 5! | 905 | 289 
| 15 1468 | 985 314 827 | 54 | 95 | 283 
. 16 | 465 | 1075 297 ! 90 62 1103 260 | 
| These readings | 
| | taken | | 
| | simultaneously. | 
JUN SERE MN ЕСТ а ho lipid а А 
TABLE II. 
Table of Observed Readings at 250 volts. 
— % Motor. | Generator. Motor Field. | | 
св. = 
s3 ва 
ley С | | i M 
i z Volts. Amps. Volts. | Amps. Volts. | Amps = 
күн ла зван етан жы ке жене та MS : 
4 | | Џ 
| I 246 15°5 | 228 | 10 9 | 155 365: 
(2 255 1951231114 | n | 195 325 
| 3/243 278 204 | 21 155 | 28 |: 250 
| 4.29. 40 193 | 32 22 40 211, 
5 258 407 | 189 , 403 | 274 | 50 ; 200 
6 253 592 | 169 | 483 | 322 | 59 170. 
7 251 692 | 153; 573 395171 | 157. 
8 251 | 875 | 121 | 743 | 518 895. 129 , 


These readings | 
| | \ taken 
| | | | simultaneously. | 


1307 


41 463 Res. of Motor Armature 
| at 20? C. = ‘414 ohm. 


| 
| 55 | 409 ' Res. of Gen. Armature | 
at 20? C. = "414 ohm. | 
| І 
| 
| 
! 


605 | 361 Res. of Motor Fields at 
20? C. = '448 ohm. 
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TABLE III. 
TEST OF TRAMWAY MOTOR, TYPE Q. 


Table of Observed Readings al 500 volts. 


Re ul Motor. | Generator. | Motor Field. = 
es, | & 
o. = EE Mi A калыл -~| A Remarks. 
“2 Volts. | Amps. | volts. | Amps. | Volts. | Amps; = | 
Pu NE ace Mund ! EY = APA MI D CEU ED DE зу ee 
І | 503 | 215 |463! 154 146 215 | 630 
2 | 497 | 32 445 | 249 | 21 31 525 ! 
31506 | 35 | 443! 28 123 | 345 | 517, 
4 ! 496 | 393, 425 | 325 263 40 | 480 , Res. oí Motor Armature 
| | at 209 С. = “423 ohm. 
5 | 494 | 452 | 415 | 365 295, 45 452. 
6 | 484 | 507 | 396 | 425 | 338 515 425 
7 | 400! 552 | 393 | 46'1 362! 555 415 Res. of Gen. Armature 


at 20° C. = 7108 ohm. 


657 | 360 | 54 434! 655 309 


8 | e бот | 385 | 5r9| 40 + боз 398. 


728 | 351 | Res. of Motor Fields at 


10 475 716 | 350 | бг7 | 486 
| | 20? C. = '519 ohm. 


„і 
ы 
B 45 
о 
~ 


| 
| { 
II 476 748 | 347 | 631, 50 E 347 


799 | 328 674 | 54 | 801,323. 

13 | 471 | 869 | 320 | 742 | 59 | 875 | 311 

14 | 461 | 93'7 | 302 | 775 | 05 95 |295, 

15 | 455 pns 281 | 849 | 68 | 998 | 275 | 
TABLE ТУ. 


Table of Observed Readings at 250 volts. 


| А ава кано E 
" 5 | Motor. | Generator. | Motor Field. | 
о | = 
saa П чы эш LE Remarks. 
125]... | | у | ae | c 
~ | Volts. Amps. po Amps. | Volts. | Amps. | | 
| | | | | | | | 
I |255! 16 12201 104 | IO9 | 16 , 382 
| 21250 195 219 (M4 129! 195 | 320 | 
237251 305,203 251 2034 250 , 
| 41255, 42 '187 | 355 275, 425 210 
5 249, 577 | 160 443 335 | 51'5 | 185 | 
61 254 | 64 | 152) 555. 426! 65 |170' 
7 2561 718, 139; 622. 465, 70 155 | 
8 | 247 | 81'3 | 110 | 703 | 552 | 815 | 129 | 
9/253! 865 | 103! 742 612 87 122 | 
| | 


| 


m —— — ——— ———— – — — — ————M— M — 
— = 
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TABLE V. 
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Table of Calculated Losses, Efficiency, etc., at оо Volts. Motor, Туре Р. 


Be | 28 

84 ам 
~ 

2324 ЕС 
10°60 | 4:52 
11'95 | 530 
14°05 | 598 
1512 | O75 
16:03 | 7:62 
1799 | 854 
1946 | 928 
20:07 | 10°62 
2204 | 11°93 
22°61 | 13°49 
23°86 |1494 
2346 | 15°81 
24°17 | 17°79 
23:96 (2003 
2673 | 23°27 


. | Sx 

25 | 88 | 5E 
» $1 2%. 
їз | $8 | Bee 
xS | ше Sga 

Of | 05 ЕР 

} * | 4424 
34 25275 Эс | 
| :58 | чор 220 | 
| 91 25! r68, 
I'21 33. га 
| 1°65 '48 | 188 | 
2:08 ФО) 204 
2°57 77 214 
304 ‘QI | 2°30 
372 | 137 2720 
4°32 | 1°31 | 250 
501 156 2068 
587 | 183 | 290 
075 | 214! 303 
7381 235. 3°04 
860 | 274 323 | 
9:86 | 316! 3°51 
1073 | 375 | 440 Аы ded cil usd uM ~ 
TABLE VI. 


and Iron Losses for 


Corrected Friction 
zoo volts and 20? C. 


Efficiency at 500 
volts and 20° C. 


Table of Calculated Losses, Efficiency, etc., at 250 Volts. 


Bx | 3g 
Bx ix 
z 
2°28 | 1°53 
323 | Y74 
428 “9 
617 | 379 
762! $20 
8:16 | 680 
8:76 | 8'01 
8:99 | 12798 


s$ | =8 
РКТ 
©“ 
“5 ' м? 
of 08 
е | Oo 
24 05 
39. 799 
22779 720 
| r63 47 
251 775 
360 rog 
471 152 
778 256 


Friction and 
Iron Losses in 
Motor at Test. 


3 | 
to 


| 250 volts and 20° C. | 


Corrected Friction ' 
‚апа Iron Losses for 


Efficiency at 250 
volts and 20? C. 


per hour. 
30-in. wheel. 
Gear ratio = 4°86. 


Speed in Miles 


^ Tractive еНог at 
tread of 30-in. 
wheel in lbs. 
© Gear ratio = 486. 


= 
Ld 
• 442 “99 


Motor, Type P. 


Speed in Miles 
per hour. 
30-in. wheel 
ear ratio = 4'86. 


55 | 


wheel in Ibs. 


ractive eftort at 
Gear ratio = 4°86. 


tread of 30-in. 


| T 
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TABLE VII. 


Table of Calculated Losses, Efficiency, etc., at 500 Volts. 
Motor, Type Q. 


Џ 


ж." = 559 " = = > 

с | | { | 55 , 25 | 8$ ЧЕ 89 i: oe РЕЗЕ 
= РЕ з " "A ORR 521 zg- 
4-8 2 | аз 3 | 5; | СЕ 4-2 ~ 55 РЗ ‘cite о == 
$ Бы Be | зе Оу 36 | eet | Bee) 55 geen. EOFS 
“ОЛ” о | ge tee! ми. SEI" ges| 3а BESE 2351 
КО (16g O 29 255 55 P 55 553: 

= 538 BRE um 

t 
I 108% 713 368 | '51, "12 155) r5, 820 1ге 381 
2 1590 11'08 482; D24 | 531 r64 1067) 836 98 685 
3.1771 1240 | 5°31 | 1345. 39 170 179 832 973 752 
4 19:49 ! 13'81 | 568 | 170 ! 253 778) 182. 843 9:01 924 
5 | 22°33 1515 | 718: 224, 67 214] 2201 828 85%! 1088 
6:2454 1683 771 | 282. ‘90 200 211 821 9815! 1283 
7 2705 | 1812 | 8:93 335 | гоб, 226 236, 8ro 7°96 | 1412 
8'2945 11998, 947 | 397 135 203 212 | 826. 76%! 1633 
9:3C95 1944 1151! 474: 146. 266, 292; 787 744 1747 
10 3401 | 21°59 1242! 563! r90: 245 207 790. 704; 2019 
її 3561 290 1371 | 614 ! 190 279 304! 778 60009 
12 3731 2211 |1520 | 701.227 296. 332 766 665 | 2315 
13 4093 2374 |1719! 820. 275 308 342 758 635 2607 
14 4319 12340 |1979 | 964 300: 358 412 735 6024, 2775 
15 4614 2386 2228 1129. 360 | 370 #448 720 бп | 3005 
| | | | | 
TABLE VIII. 
Table of Calculated Losses, Efficiency, etc., at 250 Volts. 
Motor, Type Q. 
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TABLE IX. 


MOTOR TYPE P. 


i 
Back E.M.F. of A. О Back E.M.F. of A. | 


| 
і 
| 


Generated E M.F. 
| . 


499 | 498 479 | 
| 473 | 472 462 | 
| 405 463 468 | 
456 | 454 453 
| 438 437 444 | 
437 435 428 
428 | 427 429 | 
413 410 424 
| 417 412 399 | 
413 407 396 | 
398 389 394 
393 382 | 379 
374 362 | 376 | 
362 350 358 
368 352 | 334 | 
TABLE XI. 
Rapid acceleration on level. 
ЕЕ | st ТЕЗГЕ 23 a2 | 42 
Notch. | ES ЕЕ ЕН: 56 | EF | 28 | 25 
| Be | 55 | 22045 5% Ра ia 
Q 
z e neee h таласына is 
' No. I Series r5 56 30 | 43 645 |0 I'93 
(NO.2 , 05, 50 40 | 45 225 |195 28 
NO.3 , | 05| 56 ҷо 48 240 |28 :30 
NO. 4 100 | 50 ' 145 | 199 | 1990 | 36 71 
No. I Parallel, 0'5 | 51 ' 494 502! 251 |71 '7'35 
NO.2 , o5: 71 | 64 | 674, 337 | 735 ! 7°85 
No.3 =, 200, 110 | 29 | 40 | 8000 | 7°85 |15'0 
Totals | 33'5 | | 1168-8 | 
Slow acceleration on level. 
| | | э, | 
| 4 з 8 | 48] #2 1 a2: <3 
Noch, | ES SE FE) SE) EE 28 E 
| E 791 “| “д 53 pee ps 
| x | 
| = = ---- - --- ip RD mE = 
, NO. 1 Series о 50 10 1238 | 2380 0 51 
NO.2 „ | 5 |105 165 | 18:0 900 | sr! 58 
Хо.3 , 5 18 16 17:0 | 850 58, 05 
No. * 225 16711551 161 805 65, 6% 
No. I Parallel; то 532 344 438 | 4330, 68 104 
No.2 , 5 33 | 350 | 300 | 1050 104 | 119 
NO.3  , 5 41 34 1370 | 1880 179 136 | 
i | === 
| Totals 45 | | | 1314'5 i 


TABLE X. 


MOTOR TYPE Q. 


1311 


^ Generated E.M F. 
of B. 


| 
| 
EO 
| 
| 


471 
457 
437 
441 
433 
417 | 
416 | 
411 | 
387 
381 
379 
362 
357 
341 
323 
| 
| 
~ | 85. 
22 | AS 
| 
== eee | 
98 215, 
2°38 | 1775 
3°20 2°35 
605 | 8870 
723! 530 
700 | 5:57 
1290 ' 378'00 | 
38482 | 
ННІ 
ЫС 55: | 
| 
|. —- 
| 350. 535 
55 | 403 
62 | 455 
07 | 490 
82 | I20'I 
1r2 | 821 
1228 | 935 
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TABLE XII. 
Rapid Acceleration on 4'5 per cent up gradient. 
| = | | 
E See 5 + 2 a У > A i 
Notch. ЕН E ЕЕ ge ЕЕ 8% 25 55 | 58% 
"а то to. sank рш лене 183 
5 | 
No. І Series 20! 56 | 40 48 | обо | о 13 = 205 
No.2 ,, го | 65 | 45 55| 550, 13| 75, ГО 270 
No.3 » го | 65 |45 55) 550) 251 33 29 425 
No4 » 50| 55 |335| 40 | 2000 | 33, 44 41 205 
Мо. 1 Parallel| 23! 75 | 7I 73 2990 | q4 | 48: 46 1620 
No.2  , 3'0 | 130 | 76 100 3000 | 48! 72 ' бо 2640 
NO.3  , 160 | 130 | 67 72 | 115270 | 72) 94, 91 21300 
азасы | | Аз з 
Totals | 30°3 | | 2157°0 ! | | 28714 
Slow acceleration on 4°5 per cent up gradient. 
| | | E | | 
E | аз E E: z$ | ES | ~ „У“ | 55 
2 =. = C. ел | == = аза 
| 25 | ZË | SE | SE ЕЕ £8 | 28 58 | 85% 
Notch. ба ЕЕ! ЫЕ ЛЕ E $ix э | Яр 
Ы S ШЕ жс = 
кон үн жа И Ж Жу: QUEE көтек M 
No. I Series | 10 56 33 36 300 o | 21 17 245 
No.2 , 2251 382 34 43 250 21 33 27 195 
No.3» | 5 | 45 | 33 39 1950 33, 40 37 271 
No4 » 1 5, 49 33.365, 125 40! 44 42 308 
No. I Parallel, 10 | 75 68 |724! 7140: 44 52 48 соз 
No.2 , 5 12021 70 830 4150 52 76 68 4938 
Хо.3 ^» S MIO пе ИО 76, 92 88 645 
Totals | 45 | 25565 286% 
TABLE XIII. 
Braking. 
| Speed Range Time Interval Time 
| Current Range, | Resistance. Calculated from Speed чан (Calculated | Interval 
| 160 to 140 892 211 178 515 434 
140 to 120 5 " 1-96 615 '571 
12010 100 | T " 214 '868 “881 
100 to. 80 M " 2°32 1'152 1:268 
| oto бо fi 214 1:674 1697 
| 60 to 40 ” » 2:32 7973 27165 


—— 


The speed-range and time-interval corresponding to a given current range 
are directly proportional to the total resistance in circuit. 
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Accelerating. 
| | Speed К; speed Range, Time Interval |, Time 
Current Range. | Resistance. M cue 5 т” | Сава inc 
| р ` rue. 
| "HE ue = сыш. не ЕНИ 
| Motors in Series. 
| 80 to 70 502 ! 421 4210 130 7140 
70 to бо ү | 402 475 182 187 
Оо іо 50 " '528 535 | "2064 "207 
50to 40 T | 043 045 435 "430 
ҷо іо 30 » | 874 "830 '891 '847 
30 to 20 " | 1447 1340 | 2780 2°580 
Motors in Parallel. 
I60to 140 | 1°58 | 620 '68 | '20I "220 
140 to 120 | À | "702 4 "277 "200 
120 to 100 zi 534 83 417 415 
100 {о 80 | Қ 1004 106 719 716 
$o to бо : | 1'528 1°62 1'560 1'052 
6oto 40 | i 2:680 | 22 5'160 +305 
| | 
МОТЕ5. 


Note 1.-Еог a given field strength, we may take the total iron and fric- 
tion loss as (H +/) n + Fm’, where Н, f, апа F represent the losses at the 
speed п = I due to hysteresis, friction and windage, and Foucault currents 
respectively. Dividing this loss by л we should then obtain a linear rela- 


tion between speed and es, from which the value of (Н +f) and F can be 


easily determined. The writer has, however, not carried out this refinement 
in the case in question. 


Note 2.—It is interesting to note that the ie and current curve is very 


nearly a straight line throughout the range shown. If we write 


= a+ 3С, 
п C 
and = ee 


F being the total armature flux, or if we assume 2 includes a certain coefficient 
of magnetic leakage, we may say F = mean flux throughout the magnetic 
circuit. Now F is of the nature of an induction x an area or B x А. Let B 
stand for a mean etfective induction, such that we can say total field magnet- 


ampere turns & > u being of the nature of a mean effective permeability for 


the circuit. A will be an area equal to E: 


We have then C 2. B which leads to the expression p = AU за, 8, Š, À 


| • . М a 
p being unknown constants. This form of expression for p for iron circuits 
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is well known ; Dr. S. P. Thomson gives in his short article on dynamos in 


17,000 — B 


Munro & Jameson's Pocket-Book, p = as being approximately 


correct between 6,000 and 16,000 lines per sq. cm. 


The linear relation of ü to C in motors of the type in question is of such 
interest that the author has shown in Fig. 10A the ampere — = curve іе 


R 
motor Q, together with the mean calculated values of induction per sq. an 
in different portions of the magnetic circuit, plotted with reference to current. 
It will be observed thattinductions as high as 26,000 are indicated while the 
maximum induction in the teeth under the leading horns probably reache 
over 30,000 lines per sq. cm. The values of a and 3 for motor Р аге '554 and 
"0237. and for motor Q '56 and ‘0244 respectively. 


INA A 


PT 
22 


EU 
ЕРЕ = 


Note 3.—1f a sufficiently small time interval be taken during which one 
may assume that the tractive effort, or retarding effort, as the case may lx. 
decreases uniformly, the total change of velocity during that time-interval 
is exactly equal to the mean acceleration multiplied bv the time, but the di 
tance traversed is nof equal to one-half the mean acceleration multiplied by 
the square of the time, but te one-third of the maximum plus one-sixth of the 
minimum acceleration, multiplied by the square of the time. 

In other words, if a represents acceleration, 


ао a, represent the initial and final values of a taken over the time 
interval £,, 
k = rate of change of acceleration, 


{= time in seconds, 
ћ = length of time interval, 
v = velocity, 
т, = initial and final velocities taken over time-interval АҺ, 
s = distance traversed, 
S = total distance traversed іп /,, 
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We have the following relations :— 


атс«,- КЇ 
а, ы а, me k l 
Hence 7 = m + о! – ы 
yx : 
Апат, = ta h- an IP 
Orv, – 7, = от: 
а.12 RD 


Further s = m t+ 


2 6 
~ Qo d, 2 

„већ ӘРІПІ i 

lf ao — a, be a sufficiently small quantity in comparison with a,, or if y 


1 ; . a a a a , 
is small compared with v, we may write -° Ti for Г + o 16 we may 


calculate the distance traversed from the mean acceleration. 

It would be incorrect, however, to assume that the retarding force 
decreases uniformly throughout large ranges. The subsequent diagrams 
show that this is not the casc. 


Note 4.— Extract from Electrical World and Engineer, Dec. 10th, 1899 :— 
“Mr. Charles Hewitt, engineer of the Union Traction Company of Phila- 
delphia, contributed a brief paper under the title of ‘The Motorman as an 
Element of Street Railway Economy.’ Tests were made by him by placing 
a wattmeter on а саг without the knowledge of the motorman, and then 
having that car run on a number of routes by a number of different motor- 
men. . . . The results showed that the number of passengers carried had an 
almost inappreciable effect on the watt-hours per car-mile, and that the 
variations in the amount of energy consumed depended almost entirely on 
the motorman. The watt-hours per car-mile varied very greatly for different 
motormen, but were nearly constant for the same motorman. They indicated 
that the usual test of a motor made in this way is really a test of the motor- 
man. Omitting extremes, the saving of all motormen who were as good as 
the best, amounted to 43 per cent. The results showed what an important 
factor the motorman really is in the amount of power consumed by the cars, 
and how important it is to iustruct the motormen properly іп the most 
economical use of the controller." 

Shortly after the inauguration of electric traction on the Springburn route 
in Glasgow, wattmeter readings were taken with different drivers, and 
variations from 860 to 1,080 watt-hours per car-mile were observed under 
conditions as nearly equal as possible. 

In February, 1898, car-wattineters were installed on all the cars of the 
Nashville Street Railway Company in America with the result that a reduction 
of 39 per cent. of the power consumed was effected within the first three 
months. This system possesses such physical features as give the greatest 
scope for the skill of a motorman to come into play. In level towns such 
reductions cannot of course be expected. 


Mr. H. A. MavoR said that they as a Section were to be congratulated 
upon having the results of Mr. Field's work in Glasgow put before them 
in this way. At the same time he would have liked the paper much 
better if it had been somewhat less academical and more practical, from 
the motor builders' point of view, and if it had given fewer theoretical 
deductions and more information about how the results which the 
author had accomplished had been arrived at. As a manufacturer the 

Vor. 81. 87 


Mr. Мах г. 


Mr. Mavor. 


Professor 
Jamieson. 
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speaker would have found such information of thc greatest interest, and 
as a citizen he thought that he was entitled to it. There were certain 
facts which could only be obtained from experience ; many such facts 
must have been obtained by Mr. Field in the execution of his work in 
the Tramways Department ; and as the City of Glasgow had paid for 
the plant upon which such experience had been gained, to the tune of 
many thousands of pourids, he thought they were entitled to ask tbat 
that experience should be at the service of their industrial community. 
For instance, one particular point to which Mr. Field had drawn atten- 
tion was the necessity, in considering the acceleration of motor-driven 
gear, to take into account the acceleration of the motor-core. The 
weight of the armature is a necessary item of knowledge in making the 
calculation of acceleration. It was surprising to find that so simple a 
fact as this was not recognised by many engineers who otherwise were 
quite up to their business. For instance, they had cases where (Һет 
were asked to supply a 10-H.P. motor which, under the specified coa- 
ditions, was called upon to do бо Н.Р. for an appreciable time m 
accelerating its own armature. 

With regard to the question of the efficiency of motors, there were 
certain data necessary, as they were all aware, for finding the practica 
value of a motor. A very important element in the data for such calce 
lations was the relation between the copper and iron losses. He though: 
that Mr. Field might have given them more information in this connec- 
tion. To enable them to determine the iron losses in the case Мг 
Field had mentioned, they wanted more details of the iron part of the 
core—as to what was the section of the core, etc. In reading a paper 
such as Mr. Field’s it was necessary to its practical value to be given a 
section of the armature, the number and depth of the slots, and othe: 
particulars essential to a proper understanding of the electrical me- 
surements. 

With regard to controllers, he would like to ask if the author had 
found it necessary in his experience to use a magnetic blow-out, and 
also whether there was any one form of resistance which he found to 
be more effective than another. With regard to the motormen, it wa- 
quite evident to any one who watched these men manipulating tbe: 
controllers that they were improving in their methods. Excellence 1 
this respect was generally in inverse ratio to the amount of energy 
expended by the motorman. If they found a man perspiring over №. 
handle, they might be sure that he was making the Pinkston Powe 
Station perspire in the same degree. The introduction of сјестх 
traction into their city would be far more comprehensive in its effect 
than they yet imagined. It was a most important fact to electra 
manufacturers that there were five hundred men in their midst wh 
had been taught to start and stop electric motors, and who were гл 
possession of that rudimentary knowledge which was so necessary fu 
the proper handling of their carefully designed apparatus. In conclusa 
he wished to thank Mr. Field again for the paper. 

Professor A. JAMIESON said, that the paper was well worthy of fu. 
reproduction in the Proceedings of the Institution, and they wen 
fortunate in having had it read and discussed locally: Не гергекке 
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that the electric lighting fraternity were not better represented at the 
discussion. Mr. Mavor had just complained of the academic nature of 
Mr. Field’s treatment of the subject, and of the want of detailed infor- 
mation regarding the design, materials, and proportions of several 
parts of the Glasgow tramcar motors; but he (the speaker) thought 
that Mr. Field had stuck very fairly to his text, and that he was right in 
not wandering into these bye-paths. As it was, Mr. Field had placed 
before them a new and thoroughly practical method of testing tramway 
motors, with an investigation into their characteristic properties. He 
not only gave diagrams of how the motors were connected mechani- 
cally and joined up electrically, for his tests, but he supplied data and 
examples whereby any one could at any time reproduce these tests. 
He had, in fact, gone a step in advance of previous communications 
upon this subject to the Institution and also of the latest text-books. 
They were all naturally more or less greedy to obtain details of 
proportion and construction, but he assumed that Mr. Field’s present 
object was, to show how he had aimed at ascertaining— 

(1) What was the mean working effective current required for 
particular tramway routes, and as a whole for the Glasgow system, 
when supplied with a mean trolley-wire pressure of 500 volts. 

(2) Which type of tramcar motor gave the greatest efficiency at 
that mean working current and not, as usually stipulated and tried, at a 
maximum working current. 

(3) The conclusions arrived at from (1) and (2) by aid of calcula- 
lations, diagrams, and characteristic curves, whereby a set of working 
rules may be drawn up and given to the * Wattmen” instructors, inspec- 
tors, and drivers, so that the current and hence the power, coal, and 
running expenses of the cars may be lessened. 

By this happy combination of science and practice, Corporations 
could effect far greater savings than by any known method of keeping 
down the salaries of the employés. He (the speaker) would go even 
one stage further than Mr. Field proposed to do; he would offer 
special privileges and encouragement to those drivers who managed 
to work their cars with a minimum expenditure of power, wear, tear, 
and repair. 

Further, he would have each car fitted with a self-recording 
watt-meter and frue speed indicator that could not be tampered with. 
He would have the automatic records of each driver's run handed into 
the integrating differentiating clerk and tabulated by him at once. 
Finally, as soon as the authorities had begun to recognise that such a 
system of scientific and practical investigation was likely to lead to the 
most satisfactory results, he would apply for a regular testing car. 

Mr. Field should be encouraged in this work which he had so well 
begun, by an expression of the hope that he may be able to travel in his 
“laboratory on wheels," duly recording automatically and simultane- 
ously, not only the speeds, voltages, currents, watts, gradients, E. 
tractive efforts, and changes of accelerations, but even the varying 
coefficients of rail friction in the grimy, changeable atmosphere of 
Glasgow. He hoped that Mr. Field might thereby so reduce the 
working expenses as to induce extensions to be made to Clyde-side 


Professor 
Jamieson. 


Professor 
Jamieson. 


Mr. Hird. 


Mr. Tidd. 
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districts, where villas would soon spring up, and thus be no longer 
regarded as mere summer retreats for the privileged classes, but as 
residences for the weary, hard-working masses of this industnal 
centre. 

Мг. W. B. Hirp said that the remarks which Mr. Field had made 
with regard to the paper had caused him (Mr. Hird) considerable 
discomfort, more especially his explaining away of the difference 
between the 250- and the 5oo-volt curves which һе had shown at a 
previous meeting. Mr. Hird had tried to discover how this difference 
arose, and he thought that he had done so, but now Mr. Field came 
and told them there really was no difference. Perhaps Mr. Field would 
be able to throw some further light on this point. 

Mr. E. GEoRGE Tipp asked Mr. Field whether the results shown in 
Fig. 14 were a matter of common knowledge among traction engineers, 
or whether Mr. Field's own recent investigations had brought them to 
light in such a forcible manner. It seemed to him (Mr. Tidd) that thc 
amount of power which was shown to be required per car was a very 
small fraction of the total amount of power which would be used if the 
motors were running at full load the whole time ; that without investiga- 
tions such as Mr. Field had carried out engineers were very liable 
greatly to over-estimate the amount of power required. Did this 
surplusage account for the excess of plant which they all knew the 
Tramways Department had at Pinkston? He must add his congratu- 
lations to those of the other speakers, both to Mr. Field for the paper 
and the Local Section for having had it placed before them. 

Mr. W. McWHIRTER said that in his opinion there was not much to 
discuss in the paper now before them, but they might be able to clicit 
further information upon various points. The very high heating factor 
allowed for tramway motors must have appealed to many of those 
present, and it had always appeared to him something requiring further 
information, viz., the rating of such motors weighing complete about 
1,800 lbs. with a speed of about 400 revolutions per minute and work- 
ing up to 35 H.P. It was evident that it was only in motors such as 
those used for tramway haulage that it would be practicable to allow 
a rise of temperature of 75? C., as under regular working conditions 
such a rise would very soon mean destruction to the motor. When 
compared with the Admiralty rise of 75° F., the above rise was almost 
double. The taking of temperature of motors and dynamos by means 
of thermometers generally gave only a rough approximation, and no 
doubt Mr. Field's suggestion to insert the thermometers through a hole 
in the casing would be an improvement. He (Mr. McWhirter) had. 
however, for many years used for this purpose small maximum 
thermometers like those used for clinical purposes. These could he 
secured inside the motor, in what was supposed to be the hotte 
position, and could remain there until the tests were completed, wheg 
the thermomometer would show the highest temperature obtained. 
Even this, however, was far from giving the real temperature within 
the coils of the motor, which might be from 30° to 60° F. higher than 
the temperature measured by thermometer. This, of course was easily 
ascertained by taking the resistance of the coil (the temperature o£ 
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which was required) when cold, and again when hot, and applying the 
usual temperature coefficient for copper. 

Mr. Field gave an illustration of the “ Prony Brake," and showed 
how it could be applied in the testing of tramway motors. Speaking 
as one of those who made many tests with this brake in the early 
eighties, he (Mr. McWhirter) could not advise the use of this apparatus, 
as it was most unsatisfactory and unreliable in every way. The brake- 
power, however, could be very easily ascertained by means of the 
rope-brake which had come so largely into use. This brake not only 
gave accurate data, but was further a pleasure to work with. 


Mr. 
McWhirter. 


On page 1295 Mr. Field had given them the different tractive states : 


of rails under various conditions. He would like to ask Mr. Field if 
these figures were the result of his own observation, and if not, perhaps 
he would kindly quote his authority for them, as that would no doubt 
add to their value. The figures given by Mr. Field on page 1298, showing 
the periods during which the motor controllers were on different notches 
were very interesting, but it would make them more useful if the 
method used in obtaining the results were given, and further, if it were 
explained how far these results would be affected by different states of 
weather. It must, of course, be apparent to every one that results 
obtained ona dry, dusty day would be very different from those obtained 
during heavy rain, when one could imagine the rails would be in the 
very best condition. 

Mr. M. B. FiELD (in reply) said: Mr. Mavor's remarks very much 
surprised me, and I think, if he will forgive my saying so, that his 
comments are somewhat beside the mark. He seems to consider that 
because I am an official of the Corporation Tramway Department, it 
is incumbent upon me to give away any or all details of design or 
construction of machinery with which I, in my official capacity, have 
to deal. I would remind Mr. Mavor in the first place that I am 
reading this paper at the invitation of the Institution of Electrical 
Engineers, and in so doing am acting in purely a private capacity ; 
secondly, the paper was not infended to deal either with the principles 
of design or construction, but with “Methods of Testing" and a “Study 
of the Characteristics of Tramway Motors," and I think, all things 
considered, it would, under these circumstances, have been a mistake 
to digress into constructive details or into the principles of design. 

Mr. Mavor dealt at some length with the relation of the copper to 
the iron-losses in motors. In dealing with shunt-wound motors this 
idea is usually expressed as the relation of the variable to the 
fixed losses. For shunt-wound motors this ratio at full load is of 
the greatest importance, and it is perhaps even of greater im- 
portance still in dealing with alternate-current transformers. The 
proper proportioning of these two factors has a most weightv 
bearing upon the overall efficiency of the supply system taken as 
a whole. The same arguments, however, do not apply to series 
motors, as there are, strictly speaking, no fixed losses, the iron- 
losses varying with the load as is distinctly shown on the curves in 
the paper. Moreover, in the paper I have indicated a method whereby 
the iron, friction, and Foucault current losses may be separated. I 


Mr. Field, 


Mr. Field. 
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stated that I have never had the spare time, nor for practical purposes 
found the necessity, for going into this refinement. It is, however, 
quite possible to carry it out for any one who has the leisure. 

With regard to controllers, I might say that for ordinary street-car 


"work the magnetic blow-out is by no means an essential feature. 


Excellent controllers with and without magnetic blow-out devices are 
now upon the market. 

I have to thank Professor Jamieson for his complimentary remarks 
and suggestions, but think there is no direct criticism in his various 
comments to which I should reply. 

Mr. Hird referred to the tractive effort curves at 250 and соо volts. 
It will be remembered that on the diagram I showed at the last 
meeting I called attention to the fact that these two curves were not 
quite coincident, and the values differed by a greater percentage than 
one would expect. I suggested that perhaps some error had crept in 
in making the reductions to a standard voltage and temperature. To- 
night I was able to state that this was actually the case, and that the 
points of both curves were so near that it was not feasible to draw in 
two distinct curves at all. This is only natural. The tractive effort 
depends on the product of armature currents and magnetic field. Both 
of these are dependent only on the current flowing, and not on the 
supply voltage. The lost torque in hysteresis, gear, and friction should 
be the same in each case. In fact, the only item of difference would 
be the Foucault current back torque. At the lower speed the eddies 
would be of small magnitude, and their back torque consequentlv less. 
One would not expect, however, that they would have much effect upon 
the tractive effort curves. I would call Mr. Hird's attention to the íact 
that the efficiencies are different for 250 and 500 volts; the speeds 
are practically proportional to the voltage and to the efficiencies, the 
tractive effort in the two cases being the same. I think if Mr. Hird 
looks at the matter in this light he will not have any further difficulty. 

Replying to Mr. McWhirter's remarks, I would say that I 
particularly pointed out in the paper that it is not feasible to work 
motors under conditions where the temperature rise would be 75° С. ; 
this rise is only taken when rating a motor in order that it may be 
tested at a comparatively high overload such as it is often called 
upon momentarily to meet under normal conditions. If Mr. McWhirter 
refers to the thermal characteristic on page 1292, Fig. 9, he will 
see that the С.Е. 58, rated on the one hour's basis at 2 H.P., wil 
only give out 15 H.P. for two hours, and that with a rise of 75° C. 
working continuously with a normal temperature-rise, say 45° C., it 
would probably not give out more than 6-8 Н.Р. Clearly it would be 
absurd to rate it at only 8 H.P., when it must be strong enough 
mechanically, and the electrical design must be such, as to enable it 
to give out, if called upon to do so, from 30 to 40 H.P. Measuring 
the temperature by rise of resistance is, of course, quite a usual 
method. I frequently adopt it, and, find that for armature сок 
the result agrees nearly with the thermometer, but for the field coils 
the thermometer gives a considerably lower result. The reason is 
first, that the armature coils are thin and narrow, and are “ backed- 
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up” by the armature teeth, in which a large amount of heat is 
generated. The whole surface of the armature has a tendency, there- 
fore, to come to a more uniform temperature, and there is less 
opportunity for conduction from the centre of the coils outwards. 
With the field coils the reverse is the case. The heat is generated 
inside the coils only, and conducted and radiated away from the 
exterior, which is comparatively cool. The thermometer being 
placed at the exterior surface is really at the coolest part. I do 
not consider the Prony brake described as the best. I have used it, 
however, in connection with the testing frame as described, quite 
successfully as a check on the other results. As stated, I prefer 
the entirely electrical method. It is worthy of note, however, that 
the brake shown in the illustration can be used up to roo H.P. 
The figures given in the paper for tractive effort that produces 
skidding on different classes of rail were given me personally by 
Mr. W. B. Potter, the American authority on electric railway work, 
about four years ago. I believe them to be very fairly representative. 
With regard to diagram Fig. 14, I assure Mr. McWhirter there is 
no difficulty whatever in taking the necessary readings. With a 
ruled log-sheet divided off into columns for the five different periods, 
one man writing down and keeping “one eye" on the controller 
while another man calls seconds (not time intervals) as the controller 
moves from position to position. The total current consumption per 
car-mile will undoubtedly depend on the weather, but it is doubiful 
whether the proportions of the journey spent in the five positions will 
do so, and to show these is really what the diagram has heen constructed 
for. 

Mr. Tidd asked various questions, in reply to which I would say 
that it is well known that each tramcar makes sudden and very 
fluctuating demands upon the system. It is fairly well known now by 
traction engineers how much current per car should be reckoned when 
laying down a system, provided the amount and number of grades be 
known approximately, and also the weight and style of the car. The 
results shown in Fig. r4 would naturally be different for every system 
and for every route in each system, and probably for every journey 
over each route. I must confess, however, that I was surprised at 
the result revealed by the diagram, particularly at the very small 
proportion of the time during which the motors are in full parallel. 
I think I am correct in saying that my method of testing has 
not been criticised by any of the speakers to-night. I would like to 
point out that the method for the separation of the iron and C?R losses 
is applicable also to shunt-motors. If we were to take two shunt- 
motors, run them light, and, if necessary, adjust one field till they ran 
at exactly the same speed (£e, till they have exactly the same field. 
strength), and note the shunt-current in each case ; then belt them 
together or, better, gear them, and separately excite with the above 
found currents ; we should then know that the hysteresis, friction, 
windage, ctc., would be the same for each; subtracting the known 
armature C^R losses from the difference of input and output of the 
combination (when tested in a similar manner to that described for 


Mr Ficld. 


Mr. Field 
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series-motors), halving the results, and crediting half to the motor and 
half to the generator, the efficiency would be easily found. The 
Foucault current, hysteresis, and friction, could then be separated out 
as indicated above. If this method were to be adopted, slip of the 
belt should be eliminated as far as possible, but in any case the nett 
error this would make in the efficiency would be very small. Th: 
may be a method already in vogue. I am not, however, aware that 
it is, and I call attention to it here for what it is worth. 
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REPORT ОЕ А DEPUTATION FROM THE INSTITUTION 
OF ELECTRICAL ENGINEERS TO THE PRESIDENT 
OF THE BOARD OF TRADE ON THE SUBJECT OF 
LEGISLATIVE RESTRAINTS ON ELECTRICAL ENTER- 
PRISE. 


Wednesday, Fune 18, 1902. 


The Deputation was received by the Right Hon. Gerald Balfour, 
M.P., President of the Board of Trade, and included besides Mr. 
James Swinburne, President, Lieut.-Col. R. E. Crompton, C.B., 
Messrs. S. Dobson, S. Z. de Ferranti, Sir Michael Foster, Secretary 
R.S. ; the Right Hon. Lord Greenock, the Right Hon. Lord Kelvin, 
G.C.V.O., F.R.S, Messrs. H. E. Harrison, J. E. Kingsbury, H. Lea, 
W. L. Madgen, H. A. Mavor, W. M. Mordey, S. Morse, W. H. Patchell, 
J. Perry, F.R.S., the Right Hon. the Earl of Rosse, Messrs. R. P. Sellon, 
C. E. Spagnoletti, C. P. Sparks, A. А. С. Swinton, Silvanus P. Thompson, 
F.R.S., R. Spence Watson, Major-General C. E. Webber, C.B., and Sir 
Thomas Wrightson. _ 

The Right Hon Lord Kelvin having introduced the Deputation, 

Mr. JAMES SWINBURNE, President, said :— 

Sir,—The Council of the Institution of Electrical Engineers formed 
a Committee a little while ago to advise them whether they should take 
any action that would assist the electrical industry in connection with 
the legislation that especially concerns it. This Committee asked 
various prominent people to give evidence, and included in their in- 
vitation prominent exponents of municipalisation as well as of indi- 
vidualism. Their report is before you, and speaks for itself. 

On receipt of this report the Council asked Lord Salisbury to 
receive a deputation on the subject of the effects of legislation on 
electrical enterprise. He replied that he concurred in thinking it 
desirable that His Majesty's Government should be put in possession 
of the views of the Council of the Institution, and that, as the matters 
almost all fall within the cognisance of the Board of Trade, it was 
desirable that the deputation should be addressed to you. 

We therefore come to you, Sir, not only as President of your 
Department, but as a member of His Majesty’s Government, and 
we ask you to be kind enough to communicate the results of this 
conference to the Cabinet. 

Twenty years ago the distribution of electrical energy for lighting 
became practical, but even electrical engineers only considered dis- 
tribution over comparatively small areas. As the distribution involved 
underground wires and the opening of streets, the local authorities had 
to be considered, as they have to do with streets. It is merely through 
this accident as to control of streets that the local authorities have 
become involved in the electrical industry. If it were not for the 
question of control of streets and therefore also of tramways, local 
authorities would have no more to do with distribution of electrical 
energy than of bread, meat, coals, clothes, wine, newspapers, or any 
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other commodity. The almost accidental circumstance of electric 
distribution needing wires has thus involved clectrical distribution 
in the most complicated legal relations with local authorities. In 
1882 it was not contemplated that a station would distribute over 
more than a parish or part of a parish; and the Electric Lighting 
Act was drawn on parochial lines. But there was more than this. So 
tender was Parliament of the interests of local authorities that they 
were given an option of purchase of local undertakings at the end of 
twenty-one years. Thus the private companies were to take all the 
risk, and the local authorities all the benefits. This discouraged the 
industry, until it was to some extent relieved by having the twenty-one 
years extended to forty-two. 

But since 1882 the industry has advanced. Electrical engineering 
no longer deals with small areas of a few acres. We now deal with 
areas of a thousand square miles and upwards, covering not only 
parishes but counties. We deal with electrical tramways or street 
railways which connect town with town and district with district. 
But we are hampered with parochial legislation. We hold that 
electrical enterprises should have their limits and boundaries set by 
economical considerations only, and that arbitrary boundaries, mostly 
of medizval ecclesiastical origin, should not limit the distribution or tbe 
growth of electrical systems. Apart from the questions of fairness, tke 
purchase clauses are entirely out of date now, and are becoming a 
inapplicable to electrical undertakings as to railway systems. 

We do not come before you to oppose municipal trading. I wit 
to put that to you very strongly. It is not our business as ап Insttt- 
tion to go into such a political question as municipal trading. We 
have no mandate to that effect. We cannot oppose from that point 
of view. But what we do earnestly ask to have checked is the abuse ot 
their legal powers by local authorities. We want to see the electrica 
industry flourish here as elsewhere, and we want to see ratepayer 
obtain the best thing available. Their interest is the industry's ın- 
terest. We want to prevent the injudicious action of local authorities 
in opposing electrical progress because they have already risked rate 
payers money in gas works, or preventing ratepayers getting tbe 
advantage of supply from a power company because the authonnes 
have invested in their own electric supply. We want to prevent the 
pure unreasoning obstruction by local authorities who get orders them- 
selves and do not work them, preventing others coming in, and where 
Companies do the same thing we want to oppose their action also. 

We urge that local authorities should not have power to preven 
schemes even coming before Parliament on their own merits. 

As to compulsory purchase, we urge that that is now only а lega 
incubus on the industry. As systems extend over larger and larger 
areas the difficulties are greater, and the laws so little fit the circum 
stances, that there is really no saying what an undertaking is liable x 
at the end of the term. We would urge that there is no more јиз 
in compulsory purchase of electrical systems than of other local ir- 
dustries. The control of roads and streets is a distinction, not a 
difference that puts electrical distribution on a different footing => 
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regards monopoly from, say, coal supply; nor does it make electric 
tramways any more a monopoly than omnibuses. 

We would also ask—and in this other industries would no doubt join 
us—for simpler, more efficient, and less costly procedure in connection 
with Parliamentary Committees. We only represent a small part of 
the engineering industries that are hampered by the expense and 
inefficiency of Parliamentary procedure generally; but if it is indeed 
hopeless to improve the working of the Committee system generally, 
we only ask for such facilities as can be easily granted as regards 
electrical bills. 

So far I have dealt with matters concerning the Government 
generally; I will now deal with the Department of which you, 
Sir, are the head. With the officers and electrical inspectors of 
the Board of Trade we are well satisfied, but we have not enough 
of a good thing. It is not for us to say how it should be done; we 
suggest, however, a more liberal supply from the Treasury to enable 
you to have a larger electrical staff. The organisation of the Board of 
Trade does not seem quite perfect. The electric light суеп of inland 
towns comes under Fisheries and Harbours, perhaps because it was 
originally used in lighthouses ; and electric traction comes under Rail- 
ways. The regulations are behindhand. For instance, the tramway 
regulations were drawn up when only small systems were contem- 
plated, and now urgently require revision. We ask to have the ques- 
tion of permitting overhead wires opened again. We ask that the 
overhead systems used for tramways at 500 volts should in some cases 
be available for lighting. We ask for re-opening of the question of 
overhead wires generally. The limits of size of converters and trunk 
mains also require revision, Should your Department care to avail 
itself of the help of the Institution in discussing regulations, it is at 
your service. 

Though we urge certain improvements in your Department, we are 
very much more concerned in the broader question of the effect of 
legislation on our industry. 

We feel very deeply that the effect of legislation on our industry has 
been very repressive. Electrical science has always been well ahead 
in this country, but the industry has lagged behind compared with 
other countries, and with other industries in this country. 

As to whether municipal trading is good or bad in itself we say 
nothing. But through the fact that, though they do not own them, the 
local authorities control the streets and roads, our industry has become 
tangled up with municipalisation. If municipal trading isa good thing 
when worked properly we are anxious to help it as we receive most 
benefit from it; but if it is a bad thing our industry is the chief 
sufferer. Municipalisation may be a good thing if carried out on 
sound principles, but without complaining of it, we fecl that the powers 
of local authorities are capable of very serious abuse. We think, 
therefore, the effect of municipal trading as far as it concerns us should 
be investigated, so that His Majesty's Government may know whether 
it is a good thing, not for municipalities considered alone, but for the 
community at large, having regard to questions of engineering, local 


1826 REPORT OF DEPUTATION TO BOARD OF TRADE [June 18h 


indebtedness, housing, rapid transit, and concentration in cities. We 
ask you, therefore, to do what is necessary to cause the appointment ot 
a Royal Commission to consider the whole question of electrica 
legislation. 

Lieut.-Col. Crompton, Dr. R. Spence Watson. Mr. S. Morse, Sr 
Michael Foster, Mr. S. Z. de Ferranti, Mr. W. H. Patchell also spoke. 

Mr. Swinburne having then suggested that the question of the 
Board of Trade Regulations would be amply met if the Institutior 
could examine into them thoroughly, and Mr. Balfour having expressed 
his assent to this course, 

Mr. BALFOUR replied that he fully recognised the great importance 
of the subject, and to a very large extent was in sympathy with moct 
that the Deputation had brought before him. He thought it wa- 
undeniable that electrical industry in this country was behindhand 2> 
compared with America and Germany, but doubted whether that 
backwardness was due altogether to defects in legislation, or tc 
regulations of an oppressive character, ог to the abuse of power by 
local authorities. America was a new country, very sparselv inhabited. 
and with comparatively few established interests to contend with: 
whereas this was an old country with a very dense population, and a 
large number of strongly established interests which produced a vert 
strongly developed instinct of conservatism. Не believed that it wz 
those fundamental conditions rather than any actual legal enactment- 
which had tended to retard the development of the electrical industry 
in Great Britain. But while he held that view, he did not for 4 
moment contend that changes in the direction indicated by the Depo 
tation might not be of a very beneficial character. It appeared to hrr 
that the chief question was really the power which the legislature had 
given to the local authorities to veto schemes. 

In the case of electric traction, local authorities appeared to have. 
under the Act of 1870 and the Standing Orders of the House ot 
Commons, an absolute veto with regard both to Provisional Order: 
and to Bills, but to some extent the evils flowing from that condita 
of things had been remedied by the adoption, in many cases, of Ligtt 
Railways procedure, even when the scheme was really for a tramway. 
It was true that the Light Railway Commissioners and the Board < 
Trade had considered themselves more or less bound by the regulation: 
laid down in the Tramways Act and in the Standing Orders of the 
House of Commons. He did not think they had gone the length a 
giving the local authority an absolute veto, but undoubtedly thev were 
influenced by the legislative provisions he had mentioned. The 
subject of traction had been investigated by a Departmental Committe 
appointed by the Board of Trade, and as a result of the deliberation, a 
that Committee a Bill had been drafted which he thought would go 
very far to meet all the reasonable objections that had been urgec 
against the present powers of the local authorities. But it was idle te 
conceal the fact that the local authorities represented a very grex 
power in this country, and conceived it strongly to their interest te 
possess, if not an absolute veto, at all events a locus standi which woah 
enable them to make their views powerfully felt. 
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With regard to electric supply, the case was somewhat different. 
Where an enterprise for such a purpose was prompted by Bill he 
believed Parliamentary Committees now usually acted upon the recom- 
mendation of the Committee of 1898, but legislation would be required 
in order to enable the Board of Trade to act upon the recommendations 
of that Committee in respect to Provisional Orders, and a Bill was also 
ready to give effect to the recommendations of that Committee. He 
could not hold out much hope that either Bill would be passed during 
the present Session, which was well occupied with important measures ; 
but it was the desire of the Board of Trade, when opportunity offered, 
to press forward both measures. The Board of Trade would be always 
happy to listen to any suggestions that came from so important a body 
as the Institution of Electrical Engineers, and was as anxious as the 
Institution to secure that the public interests should be properly served 
by the development of the great industry which the Deputation 
represented. 

With regard to the appointment of a Royal Commission, that was 
a subject for the Cabinet, and he would consult his colleagues on the 
matter, but he must not be understood to pledge himself to recommend 
that a Commission should be appointed. In conclusion, the President 
promised to consider the question of strengthening the Board of Trade 
staff. , 

The Deputation, having thanked the right honourable gentleman, 
withdrew. 
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The Thirtieth Annual General Meeting of the Institution 
was held at the Society of Arts, John Street, Adelphi, on 
Thursday evening, May 22nd, 1902, Mr. WILLIAM E. 
LANGDON, President, in the Chair, 


The minutes of the Ordinary General Meeting held on May ізі 
1902, were read and confirmed. 


The names of new candidates for election into the Institution were 
announced, and the President stated that the present meeting being the 
last of the Session, these candidates would, in accordance with the 
Articles of Association, be balloted for that evening. 


The following transfers were announced as having been approved 
by the Council :— 


From the class of Associate Members to that of Members— 


Sidney Smith. 


From the class of Associates to that of Members— 


T. Herbert Minshall. 


From the class of Associates to that of Associate Members— 
Arthur William Fithian. 


From the class of Students to that of Associates— 


Anthony Marinier. | Harry Turner Tovey. 


Messrs. J. A. Ornstein and J. T. Morris were appointed scrutineer: 
of the ballot for the election of new members. 


Donations to the Library were announced as having been received 
since the last meeting from Mons. C. Guilbert ; to the Butlding Funi 
from Mr. G. F. Moller; and to the Benevolent Fund from Mr. R. W 
Weekes, to whom the thanks of the meeting were duly accorded. 


The PRESIDENT: I have also to announce that the Dublin Loca 
Section has sent to the Institution a likeness of the late Profess 
Fitzgerald, a very graceful act on their part which we shall, of coarse. 
acknowledge in the ordinary course. We аге very much indebted u 
the Dublin Local Section for their gift. 

The thanks of the meeting were accorded to the Dublin Low 
Section for their donation. 

The SECRETARY read the Annual Report of the Council :— 
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REPORT OF THE COUNCIL PRESENTED AT THE ANNUAL 
GENERAL MEETING ON MAY 22ND, 1902. 


Loca. SECTIONS. 


No new Local Sections have been created during the year under 
report, but an increasing amount of valuable work is being done in 
those previously established. Many of the papers read have been of a 
high order of excellence, and the discussions that have taken place have 
been both successful and interesting. 

The Council gladly avails itself of this opportunity to place on record 
its hearty thanks for the great assistance rendered by the Glasgow Local 
Section in the arrangements for the work undertaken by the Institution 
in connection with the International Engineering Congress, held at 
Glasgow in September, 1901, further reference to which is made 
hereafter. 

ELECTIONS AND TRANSFERS. 


The Council has had the pleasure of electing Signor Pacinotti an 
Honorary Member during the present year. 

Notwithstanding the increased stringency of the Articles of Associ- 
ation relating to qualifications for membership, the increase in member- 
ship during the past twelvemonth has been most remarkable ; there 
have been elected during this period 26 Members, 126 Associate 
Members, 183 Associates, 203 Students; making a total of 538. 42 
Candidates have also been approved for ballot to-night.' 

24 Associate Members, 1 Foreign Member, and 12 Associates of 
the Institution have been transferred to the class of Members, whilst 
64 Associates and 1 Member of the late Northern Society have been 
transferred to the class of Associate Members, and 95 Students of 
the Institution have been transferred to the class of Associates. At 
the beginning of the current year, the Manchester Society of Junior 
Electrical Engineers was merged in the Institution, as a Students’ 
Section of the Manchester Local Section. Those of its members who 
did not already belong to the Institution were duly proposed and 
admitted, according to the prescribed methods of election, as Students 
of the Institution. 


DEATHS AND RESIGNATIONS. 


The Council has to record with extreme regret the loss to the 
Institution by death of 1 Local Honorary Secretary, Dr. C. Lemon ; 12 
Members, W. D. Bailey, A. S. Bolton, G. L. Bristow, E. W. Buller, 
W. Т. Goolden, Matthew Gray, J. Howe, J. Slater Lewis, Н. R. Low, 
C. W. Lundy, J. Neale, H. D. Norman ; 2 Associate Members, G. A. 
Clark, J. M. G. Wilson ; 1 Foreign Member, Jules Winschendorf ; 
5 Associales, R. Bayly, F. M. Hartley, J. Kemsley, Commander Clifton 
Sclater, F. H. Wilson ; and 1 Student, E. Amos. 


1 As these candidates were all duly elected, the numbers representing 
additions to the Register since the Annual General Meeting іп 1901 were, at 
the end of the meeting, as follows :—Honorary Member, 1 ; Members, 27; 
Associate Members, 131; Associates, 197 ; and Students, 225. 
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"Two Members, 1 Associate Member, 6 Foreign Members, 16 Asso- 
ciates, and g Students have resigned since the date of the last Report. 


PAPERS. 


In addition to the President’s Inaugural Address, the following 
papers, read at Ordinary and Extraordinary General Meetings, including 
the International Engineering Congress, Glasgow, 1901, will have been 
published in Volume 31 of the Journal :— 


DATE, TITLE NAME 
1901. OF PAPER. OF AUTHOR. 


INTERNATIONAL ENGINEERING CONGRESS, GLASGOW. 


Sept. 3.—Introductory Address of the Chairman of 

Section ІХ, .. .. .. . © e. .. W. LANGDON, Member. 
„  3.—" Notes on some of the Chief Objects of 

Interest to Electrical Engineers in the 

Glasgow International Exhibition, 1901" W. B. SAYERS, Member 
»  4.—" High-Speed Railway Car of Allgemeine 

Elektricitats Gesellschaft, Berlin"... .. О. LASCHE. 
»  4.—'"Dangers from Trolley Wires and their 

Prevention " .. o o. Prof. А. JAMIESON, Member 
» 4— Electricity Supply Meters of the Electroly tic 

Type” .. .. .. .. .. ЕК. DICK, Member. 
»  4—" Kelvin s Electre Measuring Instruments" Prot M. MACLEAN, 

Meniber. 

»  S.—" The Relative Advantages of Three-, Two-, 

and Single-Phase Systems for Feeding 

Low-Pressure Networks " e ee o. М.В. FIELD, Member. 
»  5.—" Modern Commutating Dynamo Machinery 

with Special Reference to the Commu- 

tating Limits" .. .. . 5. o. Н.М. HOBART, Member 
»  S.—"Design of Continuous- Current Dy namos.” Н. А. MAVOR, Member. 


ORDINARY GENERAL MEETINGS. 


Хоу. 28.—'" А Permeameter for Testing the Magnetic 
Qualities of Metals in ВИК”... .. .. C. V. DRYSDALE, Member. 
» 28.—"' The Physical Properties of Certain Alumin- 
ium Alloys, and some Notes on Aluminium Prof. E. WILSON, 
Conductors " 4.0.4. вв n . Member. 


Dec. 12.--“ Some Principles йй the Profitable 
Sale of Electricity” .. .. .. .. .. A. WRIGHT, Member. 
1902. 
Jan. 9.—“ Reports of Committces on the Institution 
Visit to Germany іп 1901 :— 
Of the Committee on Traction, Light, 
and Power Distribution. 
Of the Committee on Manufacturing. 
Of the Committee on Telegraphs and 
Telephones. 
» 23.—" Earth Currents derived from Distributing E. B. WBEDMORE, 
Systems" dE rea “a. Жу ы. җе сше Associate Member. 
Feb. 13.--“ Researches on the Electrical Conductivity 
and Magnetic Properties of upwards of Prof. W. F. BARRETT. 


100 different Alloys of Iron".. .. .. Member. 
» 27--“ Electric Shock and Legislation Thereon" .. Major-Gen. WEBBER, СЕ 
Member. 
» 27.— Electric Shocks" ... .. e05.. oce Е. В. ASPINALL, Member 


„ 27.— Electric Shocks at 500 Volts " UC .. 5. c. А.Р. TROTTER, Member 
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DATE, TITLE NAME 
1902. OF PAPFR. OF AUTHOR. 
Mar. 20.—“ Problems of Electric Railways" .. .. .. J. SWINBURNE, Member, and 
W. R. COOPER, Associate 
Member. 
May 1.—“ Automatic Relay Translation for Long Sub- S. G. BROWN, Associate 
marine Cables" .. .. .. .. .. . Member 
» 15.—" Electrical Traction on Steam Railways in Prof. С. A. CARUS-WILSON, 
Italy ыс зна“ ck ER RAS Ix cad Member. 


And the following papers, selected from those read at the meetings of 
Local Sections, have been, up to the present, accepted for publication! :— 


DATE. 
1901. 


Nov, 27. 
Dec. І. 


1902. 


Јап. 22. 


1901. 


Маг. 29. 


Арг! 19. 


Dec. 2. 


Хоу. 14. 


Рес. 19. 


Арг! 18. 


1902. 
Feb. 13. 


1901. 


Хоу. 19. 


Рес. 10. 


1902. 
Jan. 14. 


1901. 


Хоу. 19. 


BIRMINGHAM LOCAL SECTION. 


TITLE. AUTHOR. 


Inaugural Address of the Chairman .. .. Prof. О. LODGE, Member. 


“Note on Alternate-Current Diagrams.” Dr. W. E. SUMPNER, Mem- 
* The Testing of Motor Losses" .. .. .. ber. 


* Surface-Contact System of Electrical Trac- 


tion" (abstract)... se .. .. .. +. W. KINGSLAND, Member. 


CALCUTTA LOCAL SECTION. 
“Insulation of Conductors of Electricity in 
India v x cx e». Gee жи uem cx» 
* Hints on Overhead Construction" .. ... 


K. A. ScoTT-MONCRIEFF, 
Member. 
O BURNE, Associate. 


CAPE TOWN LOCAL SECTION. 
* Note on Electrical Engineering Practice in 


Europe and America " J. DENHAM, Member. 


DUBLIN LOCAL SECTION. 


“Ап Account of the Visit of the Institution Р. SSSHEARDOWN,Associate 


to Germany, June, 1901" .. .. .. .. Member. 
Inaugural Address of the Chairman ..e .. Prof. W. F. BARRETT, 
Member. 


“Note on a Humming Telephone” ,, F. GILL, Member. 


* Notes on Irish Water-Power and its Electrical 
Development" .. .. .. .. 


WwW. TATLow, 
Member. 


Associate 


GLASGOW LOCAL SECTION. 


Inaugural Address of the Chairman .. Prof. M. MACLEAN, Mem- 
ber. 
* Aluminiuin ; Notes on its Properties, Pro- 


duction, and Uses” .. .. .. W. M. MORRISON, Member. 


“ Practical Notes on  Continuous-Current 
Distribution Mains ".. .. .. .. .. J.C. A. WARD, Associate, 


MANCHESTER LOCAL SECTION. 


C. H. WORDINGHAM, Mem- 
ber. 


Inaugural Address of the Chairman 


! The printing of the following Papers has since been ordered :— 
DUBLIN : “Lighting and Driving of Textile Mills by Electricity," by 


M. OSBORNE (May 29th). 


GLASGOW : “ Notes on the Testing of Tramway Motors, and ап Investiga- 


tion into their Characteristic Properties," by M. B. FiELD (April 8th). 


NEWCASTLE : “Тһе Equipment of a Modern Telephone Exchange,” by 


F. A. S. WoRMULL (February 17th). 
VoL. 81. 
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DATE, TITLE. AUTHOR. 
1901. 
Dec. 17. “Тһе Breaking of Shafts іп Direct-Coupled 
Units due to Oscillations set up at J. FRITH, Associate Mer- 
Critical Speeds .. .. .. .. .. .. ber ; E. H. LAMB. 
1902. 
Jan. 28. “Тһе Supply of Electricity in Bulk" .. .. Н.А. EARLE, Member. 
Feb. 18. “Тһе Construction of High-Tension Central 
Station Switch Gears with a Comparison Н. W. CLOTHIER, Ass 
of British and Foreign Methods" .. .. ciate Member. 
Mar.18. ‘Some Points in the Equipment of Electric 
Tram Cars” (abstract) .. .. .. .. W. G. RHODES, Member. 


NEWCASTLE LOCAL SECTION. 
I9OI. 
Nov. 18. Inaugural Address of the Chairman .. .. J.F. C. SNELL, Member. 
Dec 16. “ Electrical Car Equipments and their Main- 


tenance” (abstract) .. .. .. .. .. A. W. WIGRAM, Assoviate. 
1902. 
Jan. 13. “Starting Resistances" (abstract)... .. .. ARTHUR E. Gott, Assocate 
Member. 


Jan. 27. Some Notes on the Influence of the Sub- 
Station Equipment and Transmission ANDREW STEWART, Ase 
Line on the Cost of Electricity Supply.. ciate. 


The Council, owing to the illness of the authors, or to causes ove 
which they could exercise no control, has had to defer several papers 
which had been definitely promised for reading during the sessce 
now ending. Several of these papers promised to be of specu 
interest, but it is hoped that they will yet find a place in the proceeding 
of the Institution. 

The Institution with pleasure again records its indebtedness to the 
Institution of Civil Engineers, and to the Society of Arts, for the con- 
tinuance of their generous hospitality in allowing their rooms to be 
used for General Meetings of the Institution. 


PUBLICATIONS OF THE INSTITUTION. 


The contents of the Journal, already largely extended by selected 
papers read at various Local Sections, has been still further increased 
by the publication of a special number devoted to the report of the 
proceedings of the Electrical Section of the International Engineerinz 
Congress in Glasgow. 

The General Index of Vols. 21-30 referred to in last year's repor 
was issued in August, 1901, simultaneously with the last number of tte 
Journal to which it referred. 

The Council has decided that as the current year's volume is t*t 
first of a new ten-year period, the system of indexing the Journal mig 
with advantage be revised. The index will, therefore, in future te 
somewhat extended, fuller references being given to subjects of impe 
tance incidentally introduced in papers and discussions. 

In collaboration with the Physical Society, the publication and i-sx 
to the members of the Institution of Science Abstracts has been coc 
tinued, and the Council believes that the usefulness of the publicare 
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is more than fully maintained. It was with great regret that the 
Council learnt that Mr. W. R. Cooper was no longer able to devote the 
time necessary to the editing of the Abstracts, and that he therefore 
felt himself compelled to resign the Editorship in December, 1901. 
They heartily recognise the great indebtedness of the publication to his 
able management during the three years he held the office. They are 
glad to report that he has accepted nomination as one of the repre- 
sentatives of this Institution on the Executive Committee of Science 
Abstracts, the other representative appointed being Mr. H. E. Harrison. 
The Committee of Science Abstracts has appointed Mr. G. W. de 
Tunzelmann, a member of this Institution, Editor in Mr. Cooper's 
place. 


The publication of the following papers in the Journal as Original 
Communications has been approved :— 


" Note on Duplexing of Cables” .. .. .. .. .. .. Н, KINGSFORD, Member. 
“ Тһе Capacities of Polyphase Cables" .. .. .. .. A. RUSSELL, Member. 
“The Rise ot Temperature in the Field Coils of 


Dynamos” Va А .. E. BROWN, Student. 
The Application of Electric. power du Machine Tools” 
(Abstract of Students’ paper) 4% C. B. NIXON, Student. 
* The Limitations of Graphical Methods | in Electrical 
Theory" .. .. du A. RUSSELL, Member. 


“Note on an оре! Енесі оғ Lightning Discharge on 
Birds in Mid-air" ... .. .. .. .. .. .. .. 1, JOSEPH,  Associate- 
Member. 
“А General Formula for Regular Armature Windings".. D. ROBERTSON, Associate. 
“А Method of Studying Armature и by means 


of Winding E n s. s. o o. D. ROBERTSON, Associate. 
" Sparking in Switches " 7.0..2..0..0.. o5 o. ALEXANDER RUSSELL, 
Member, and CLIFFORD 
PATERSON. 


ANNUAL PREMIUMS. 


The-Council has awarded the following premiums for papers and 
communications :— 


The INSTITUTION PREMIUM, value £25, 


to Mr. О. LascHE, for his Glasgow Congress Paper on “Тһе High-Speed 
Railway Car of the Allgemeine Elektricitats Gesellschaft." 


The “Paris ELECTRICAL EXHIBITION PREMIUM,” value £10, 


to Mr. H. W. CLOTHIER, for his paper before the Manchester Section оп 
« The Construction of High-Tension Central Station Switch Gears, with 
a comparison of British and Foreign Methods." 


The * Кан PREMIUM," value £10, 


to Mr. S. G. Brown, for his paper on “Automatic Relay Translation 
for Long Submarine Cables." 
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Ап ExTRA PREMIUM, value {10, 


to Messrs. J. FRITH & E. H. Lams, for their paper before the Manchester 
Local Section on “Тһе Breaking of Shafts іп Direct-Coupled Сп: 
due to Oscillations set up at Critical Speeds." 


Two ExTRA PREMIUMS, value £5 each, 


respectively, to Mr. H. M. Новавт for his Glasgow Congress pape 
entitled * Modern Commutating Dynamo Machinery, with Speco 
Reference to the Commutating Limits”; and to Mr. К. A. Scor- 
MONCRIEFF for his paper before the Calcutta Local Section on “Тік 
Insulation of Conductors of Electricity in India." 


A PREMIUM,” value £10, 


to Mr. Davip RoBERTSON, for his Original Communication entitled 
“A Method of Studying Armature Windings by means of Winding 
Diagrams." 


A PREMIUM, value £5, 


to Mr. A. RUSsSELL, for his Original Communications entitled, “The 
Capacities of Polyphase Cables”; “Тһе Limitations of Graphical 
Methods in Electrical Theory.” 


STUDENTS’ PREMIUMS. 


151 Students’ Premium, value £7, to FIELDER J. Hiss, Junior, for his paper 
entitled, *Some Notes on Modern Continuous-Current Dynamc 
Design." 


2nd Students’ Premium, value £5, to PHILIP A. LAUBACH, for his paper 
on the “ Wehnelt Interrupter." 


3rd Students’ Premiun, value £5, to ERNEST WILLIAM SHORT, for b» 
paper on the “Electrical Equipment of Printing Machinery.” 


An extra Students’ Premium, value £3, to S. E. GLENDENNING, for br 
paper on “Continuous-Current Testing." 


Papers other than those of the Students’ Section which were по :: 
type by April 30, 1902, were reserved for consideration іп awardin: 
premiums іп 1903; but certain papers, which were received too late 1x 
consideration in rgor, have been taken into account in making tt: 
present award. 


SALOMONS SCHOLARSHIP. 


The Council has awarded the Salomons Scholarship, value £50.! 
Mr. PHILIP A. LAUBACH, of the Finsbury Technical College. 


DaviD HUGHES SCHOLARSHIP. 


The David Hughes Scholarship, value £50, has this year beet 
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awarded by the Council to Mr. Ермакр FISHER, of the Finsbury 
Technical College. 


STUDENTS’ CLASS. 


Following the precedent of 1900, the Council invited reports from 
Students in connection with the Glasgow Exhibition of 1901. Certain 
classes of Electrical Exhibits were selected, and every Student was 
invited to name two or more of these classes of exhibits on which he 
would be prepared to submit a report. One of these subjects was 
allotted to each Student who responded to the invitation. It was 
understood that the writers of the best ten reports sent in, as 
adjudicated upon by the Council, should receive, each, a premium 
of £5. Thirty-one reports in all were received, and a premium of 
£5 has been awarded to each of the following Students :— 


NAME. SUBJECT FOR REPORT. 

ATCHISON, А. F. T. .. " Gas and Oil Engines Suitable for Electrical Generators." 

DAVIES, T. A... .. .. "Electric Generators and Transformers." 

GRIFFIN, J]. .. .. .. “Materials used in Secondary and Primary Batteries." 

LANGFORD, J. B. .. .. "Electrical Measuring Instruments." 

LAUBACH, P. .. .. .. "Electric Generators and Transformers." 

PERCY, H. L... .. .. “Тһе Special Fittings of Electric Cars, and for Electric 
Traction generallv, including the Poles for Trolley 
Wires." 

RAWORTH, A... .. .. "Steam Engines Driving Generators." 

REID, D. .. .. .. .. "The Special Fittings of Electric Cars, and for Electric 
Traction generally, including the Poles for Trolley 
Wires." 

RoBINSON, F. E. .. .. "Labour-saving Apparatus and Machine Tools worked 


with Electrical Energy.” 
SMAIL, J. C. .. .. .. "The Electrical Driving of Lifts, Fans, and Pumps." 


Twelve meetings of the Section have been held during the Session, 
and the average attendance at the meetings has shown a marked 
increase. The Council is much indebted to the members of the 
Institution who have kindly presided on these occasions. 

Visits to the following places werc, at the request of the Students' 
Committee, arranged for the Students by your Secretary, during the 
year, and the Council desires to record its indebtedness to the various 
firms and gentlemen who have so kindly given facilities to the Students 
to visit their works :— 


The Central London Railway. 

The City and South London Railway. 

The City of London Electric Lighting Company, Limited. 
Messrs. Easton & Co., Limited. 

The Electrical Power Storage Company, Limited. 

Messrs. Elliott Brothers. 

The Fulham Electricity Supply Works. 

The Incandescent Electric Lamp Company, Limited. 

The India Rubber, Gutta Percha, and Telegraph Works Company. 
The London Electric Supply Corporation, Limited. 

The London United Tramways, Limited. 
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The Metropolitan Electric Supply Company, Limited. 
Messrs. Siemens Bros. & Co., Limited. 
The Thames Iron Works and Shipbuilding Company, Limited. 


During the Easter holidays a visit of the Students to the Newcastk 
district was paid; thirty-two Students took part, and during the five 
days of the visit the following works and installations were visited, anc 
to these firms also the Council records its thanks :— 


Messrs. Armstrong (Sir W. G.) Whitworth & Co., Limited. 

Messrs. J. H. Holmes & Co. 

Newcastle and District Electric Lighting Company. 

Newcastle Electric Supply Company, Limited. 

Palmer's Shipbuilding and Iron Company, Limited. 

Messrs. Ernest Scott & Mountain, Limited. 

Stockton-on-Tees Corporation Electricity Works and Тћгее-Рћах 
Tramway System. 

Sunbeam Lamp Manufacturing Company, Limited. 

Sunderland Corporation Electric Light and Tramway System. 

Sunderland Forge and Engineering Company, Limited. 


The Council congratulates the Students' Committee and its Hon 
Secretary, Mr. H. D. Symons, on the success achieved. 


SECTIONAL COMMITTEES. 


The Council again calls attention to the appointment of the 
Sectional Committees representing the following interests respec- 
tively :— 

(1) Traction, Light, and Power Distribution. 
(2) Telegraphs and Telephones. 

(3) Manufacturing. 

(4) Electro-Chemistry and Electro-Metallurgy. 


It reminds the members that these Committees have been consu- 
tuted partly for the purpose of affording convenient channels throug’ 
which they may bring to the knowledge of the Council any question» 
affecting the several branches of Electrical Engineering that thev 
may think require special consideration. The Council would poin: 
out that the constitution of these Committees is regularly shown ir 
the List of Members, and will in future be printed іп the opening page- 
of the Journal. 

ANNUAL DINNER. 


The Annual Dinner was held on December 9th, іп the Grand Ha. 
of the Hotel Cecil, and was well attended, the number present exceed 
ing 300. 

ANNUAL CONVERSAZIONE. 

The Annual Conversazione was again held on June 14th, bv the Бо: 
permission of the Trustees of the British Museum, іп the Museum ~ 
Natural History, South Kensington, and was in every way a most su 
cessful reunion. 
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ANNUAL ACCOUNTS AND FINANCIAL POSITION, 


The very rapid development in the work of the Institution that has 
taken place during the past few years has led to an increase in expendi- 
ture that is only partially compensated for by the growth of the revenue 
and the results achieved. 

Considering, however, that there were several special expenses that 
may be fairly considered abnormal, incurred during the financial year 
under consideration, the Council is gratified in being able to report a 
surplus of £758 2s. on the year’s work. 

It should further be observed that the surplus would have been 
greater this year had it not been that a sum of £84 was written off for 
depreciation on books, pictures, and furniture. No allowance is made 
in the accounts for the value of books and pictures presented to the 
Institution, which might otherwise have been estimated at £40. 

The sum of £30 12s. 3d. has been invested on account of Life 
Compositions, leaving £16 75. 94. still uninvested on December 31st. 

The estimated realisable amount of subscriptions outstanding on the 
31st of December was £375, and of this over £210 has since been 
received, 

BUILDING FUND. 


This Fund still continues to progress steadily, having risen from 
£8,421 in December, 1900, to £9,398 in December, 1901. Further con- 
tributions from members, and a further addition from the General 
Funds of the Institution during the early months of 1902, have brought 
the fund up to £10,000 at the date of this report. Of the increase since 
December, 1900, over £880 has been derived by contributions from the 
Institution. It is very desirable that this Fund should meet with the 
the liberal support "ог the members, and your Council strongly urges 
the propriety of all classes contributing annually towards it. 


WILDE BENEVOLENT FUND. 


No demand has yet been made on this Fund, the interest of which 
has therefore been accumulating. 


LocaL HONORARY SECRETARIES. 


By the death of Dr. Lemon, the position which he, greatly to the 
interest of the Institution, had held for eighteen years, as Local 
Honorary Secretary and Treasurer for New Zealand, fell vacant, and 
was filled by the appointment of Mr. J. K. Logan. 

The removal of Mr. Hartley Gisborne to the Far West led to his 
resignation of the Local Honorary Secretaryship for Canada, and to the 
appointment of Dr. R. B. Owens, Professor of Electrical Engineering 
at the McGill University, Montreal, in his place. 

Mr. M. G. Simpson’s return to England on furlough, and Mr. A. J. 
Arnot's departure from Melbourne, have caused vacancies in the Indian 
and Victorian Sécretariats respectively. The former position had been 
filled by the appointment of Mr. T. D. Berrington, of the Indian 
Government Telegraphs, whilst the latter has not yet been filled. Mr. 
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Berrington having been invalided home to England at short notice, the 
Council have appointed his colleague, Mr. A. L. H. Palmer, in his place. 

The vacancy in the secretaryship for the Netherlands Indies has led 
to the rearrangement of the Sccretariat, in greater conformity with the 
present distribution of the membership in the district. Mr. W. Grigor 
Taylor, a Superintendent of the Eastern Extension Telegraph Company. 
who has been appointed, is therefore officially designated Local Нопс- 
rary Secretary and Treasurer for the Straits Settlements and Nether- 
lands Indies; his district, however, includes not only these territories, 
but also the Federated Malay States and Borneo. 


VISIT OF THE INSTITUTION TO GERMANY. 


By the initial invitation of Director Rathenau, of the Allgemeine 
Elektricitats Gesellschaft, and of the Siemens and Halske Aktien-Gesell- 
schaft, of Berlin, and under the guidance of Mr. Alexander Siemens, 
over 150 members, accompanied by about 30 ladies, visited Berlin at 
the end of June, breaking the journey at Hanover, where they received 
a hearty welcome not only from Messrs. Kórting Brothers, whose works 
they visited, but from the City itself, which gave a Banquet in their 
honour in the evening. 

At Berlin, everything that could be done by the German hosts to 
make the visit useful and enjoyable was done with unstinting hospitality 
and with characteristic thoroughness. The works were opened freely 
to the members, and a Ladies Committee arranged an admirable senes 
of visits and excursions for the ladies of the party. 

Atthe conclusion of the visit some of the members remained to see 
other works in Berlin, and then returned to England ; but the majority 
proceeded to Dresden, where, by the courteous invitation of the 
Verband Deutscher Elektrotechniker, they were able to share in the 
- arrangements made by that Society for their Annual Meeting. visits, 
and excursions. 

A large proportion of the party then, by invitation of the Elektricitats 
Aktien-Gesellschaft, vormals Schuckert & Co., journeyed to Nürnberg: 
and next, by the invitation of the Elektricitáts Aktien-Gesellschatt, 
vormals Lahmeyer, to Frankfort. In both these places the party 
experienced the same lavish hospitality that had been shown them in 
Berlin, and finally returned to England after a fortnight's absence, 
cordially appreciative of the heartiness of the reception that had been 
accorded them. 

Engrossed copies of resolutions conveying the thanks of the Council 
have been forwarded to the principal firms and individuals who, a5 
hosts, assisted in the reception of the Institution, and to the Verband 
Deutscher Elektrotechniker. 


INTERNATIONAL ENGINEERING CONGRESS, GLASGOW, 1901. 


By invitation from the Committee of the Congress, the Institution 
took charge of the arrangements for the Electrical Section (Section IX! 
of the International Engineering Congress in Glasgow, in September. 
1901. A large number of representative Electrical Engineers, both 


1902. | REPORT OF THE COUNCIL. 1889 


from the Continent and the United States, as well as from Great Britain, 
were present, many of them taking part in the discussions of the 
Section, as well as in the visits to works. A special number of the 
Institution Journal has been devoted to the proceedings of the Elec- 
trical Section. 

The Council has already recorded its thanks to the Glasgow Local 
Section of the Institution, for its co-operation in these Meetings, 
which also constituted an Extraordinary General Meeting of the 
Institution. 


ENGINEERING STANDARDS COMMITTEE, 


The Council, having in view the importance of Standardisation, and 
having learned that the co-operation of this Institution, as representing 
electrical engineering, would be acceptable, has cordially consented to 
assist in the work of the Engineering Standards Committee, of which 
the constituent bodies had previously been the Institution of Civil 
Engineers, the Institution of Mechanical Engineers, the Institution of 
Naval Architects, and the Iron and Steel Institute. It has nominated 
Sir William Preece and Lt.-Col. R. E. Crompton as representatives of 
the Institution on the Committee. 


SPECIAL COMMITTEES. 


The Committee which was appointed to revise the Wiring Rules of 
the Institution has met frequently during the past twelvemonth, and 
has so far completed its work that, subject to a few unimportant 
alterations, the draft of the proposed new rules has been approved by 
the Council. In the hope of making the rules as generally acceptable 
as may be, the Committee was so constituted as to represent different 
interests. By invitation, the Incorporated Municipal Electrical Asso- 
ciation sent a delegate, and the rules have been laid before the 
Committee of the Association. The Fire Insurance experts also gave 
most valuable assistance, especially in the direction of enabling the 
Committee to learn the views of the fire offices on all points connected 
with electrical risks. It is hoped that the new rules may be ready for 
issue during the present summer, and that they may prove generally 
acceptable. 

A Committee, on which, in addition to consulting and station 
Engineers, were representatives of the Incorporated Municipal Elec- 
trical Association, the Cable Makers' Association, and the Employers' 
Federation, engaged upon the production of Model General Conditions 
for electrical contracts, has produced a set of General Conditions 
which, after approval by Counsel, has been submitted for discussion at 
an Ordinary General Meeting of the Institution. These, after final 
revision, will, it is understood, be presented to the Council for 
acceptance, in the hope that, when adopted as the Form of General 
Conditions recommended by the Institution, they may by standardisa- 
tion save much time, labour, and expense to both purchasers and 
contractors who may adopt them as a whole or in part. 

The Committee appointed by the Council to determine whether it 
could recommend the Council as to the action, if any, to be taken with 


1340 REPORT OF THE COUNCIL. [ Мау 22nd. 


а view to assisting the Electrical Industry in connection with the 
matters dealt with in Mr. Madgen's paper on the Electrical Power 
Bills for 1900 has met many times during the past twelvemonth, and 
has received evidence which has been printed in extenso. It has also 
submitted a report and a series of resolutions that have been adopted 
by the Council. Action has been taken upon the Report, and the 
Prime Minister has informed the Council that the President of the 
Board of Trade will, on Thursday, May 29th, receive a deputation with 
the view to bring fully under the notice of His Majesty's Government 
the principal disabilities under which, from the Report of the Com- 
mittee, it appeared that the industry was suffering. 


THE FACTORIES AND WORKSHOPS ACT, 1907, 


In the summer of 1901 the Institution joined in a movement aiming 
at the exclusion of Electrical Generating Stations, or, failing that, at 
least of Transformer Stations, from the орегабоп of the Act. It 
appeared from the correspondence that passed to be impossible for 
the Home Office to concede this point. There is every reason to hope, 
however, that the Home Secretary will be prepared to receive from the 
Council an expression of the views of the Industry upon any regulation 
that may be found to operate adversely and that is susceptible of modi- 
fication without jeopardising the interests that the Act was intended to 
safeguard. The Council is now dealing with this question. 

A Conference representing the Industry of Electricity Supply has 
been held, and has, by Resolution, requested the Institution “ to take 
steps to approach the Home Secretary in order to lay before him the 
views expressed at this Conference as to the prejudicial effect of the 
incidence of certain provisions of the Factory and Workshops Act of 
1901, on the Industry of Electricity Supply, and to pray him to allow 
the Institution to confer with him when he is framing Regulations 
under the Act." 


MUSEUM. 


Asa result of an appeal to Members issued during the past vear. 
many objects of interest have been promised, and the intending donors 
have, at the request of the Council, consented to retain possession of 
their donations for the present, with a view to making them over to the 
Institution as soon as it is in a position to place them on view. 


PRESENTATION OF ADDRESSES. 


Illuminated addresses have been presented through the officially 
invited delegates of this Institution to the University of Glasgow on 
the occasion of its ninth Jubilee in 1901, and to the Owens College. 
Manchester, on that of its Jubilee in March, 1902. 


VisiT TO NORTHERN ITALY. 


The Council has in hand arrangements for a visit to objects o 
electrical interest in Northern Italy immediately before Easter in 1905. 
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INTERNATIONAL TECHNO-LEXICON, 


At the request of the Verein Deutscher Ingenieure, the Council has 
promised such assistance as may be in its power in the editorial work 
of producing the comprehensive tri-lingual technical dictionary that 
is being prepared by that Society. 


TELEGRAPHIC ADDRESS. 


For the convenience of Members the Council has, during the past 
year, arranged a telegraphic address for the Institution. "This address, 
as already announced, is “ VOLTAMPERE, LONDON." 


DEATH OF НЕН. THE EMPRESS FREDERICK AND OF PRESIDENT 
McKINLEY. 


Letters of condolence were addressed through the Home Office to 
His Majesty the King, and through the German Ambassador to His 
Imperial Majesty the German Emperor, on the occasion of the lamented 
death of the Empress Frederick. 

Messages were also addressed to the American Ambassador and to 
the President of the American Institute of Electrical Engineers on the 
occasion of the assassination of President McKinley. 


WORK OF THE INSTITUTION. 


Your Council, in passing inreview the work of the Session, considers 
it only right to draw attention to the very great increase in the work 
of the Institution that has been brought about of late, in part by natural 
growth, the membership having increased by over 50 per cent. in the 
past five years, and in part by development along many new lines. 

The number of Committees appointed to deal with these develop- 
ments has increased. There have been 23 Committees during the past 
Session ; and 20 Council Meetings and 92 Committee Meetings have 
been held in the year now under review—as against, for example, 
18 Council and 33 Committee Meetings in 1897. Most of these Com- 
mittees are well attended by the Members nominated to serve on 
them. The work of administration also is greatly increased in this 
direction. 

The creation of Local Sections has added to the volume of business, 
not only directly, by an increase in the correspondence, but indirectly 
by the necessity to arrange for an adjudication upon papers, and by the 
greater volume of Editorial work for the Journal. The organisation of 
visits to places abroad, and the desire of the Council that the Institution 
should be thoroughly representative of the profession and its interests, 
have also contributed largely to the increase in work generally. Asan 
indication of this growth, it may be stated that the ordinary corre- 
spondence is now over three and a half times as great as it was 


in 1897. 
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THE LIBRARY. 
Report of the Secretary. 


I have to report that the accessions to the Library during the 
twelve months, from May 13, 1901, to the date of the Annual 
General Meeting, numbered 68; nearly all of these were kindly pre- 
sented by the authors or publishers. 

The supply of specifications of electrical patents and that of abridg- 
ments of specifications relating to electricity and magnetism are 
continued by the kindness of H.M. Commissioners of Patents, and the 
arrangement is still in force whereby the specifications of all 
electrical patents published during any week are placed on the Library 
table on the following Monday morning. 

The periodicals or printed proceedings of other societies received 
regularly are, with some additions, the same as last year, as may be 
seen by the list appended hereto. 

The number of visitors to the Library in the twelve months from 
May 30, 1901, to the date of the Annual General Meeting, has been 
463, of whom 25 were non-members. 

In closing this Report mention must be made of the impossibility 
of adding to the Library many books that it is desirable to include 
owing to the limited space at present available. 


WALTER G. McMILLAN, Secretary. 


APPENDIX TO SECRETARY'S REPORT. 


TRANSACTIONS, PROCEEDINGS, &c., RECEIVED BY THE 
INSTITUTION. 


ENGLISH. 


Asiatic Society of Bengal, Journal and Proceedings. 

Cambridge Philosophical Society. 

Engineering Association of New South Wales. 

Greenwich Magnetical and Meteorological Observations. 

Institute of Patent Agents, Transactions. 

Institution of Civil Engineers, Proceedings. 

Institution of Mechanical Engineers, Proceedings. 

Iron and Steel Institute, Proceedings. 

King's College Calendar. 

Liverpool Engineering Society, Proceedings. 

Municipal Electrical Association, Proceedings. 

North of England Institute of Mining and Mechanical Engmeers 
Transactions. 

Physical Society, Proceedings. 

Royal Dublin Society, Transactions and Proceedings. 

Royal Engineers' Institute, Proceedings. 
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Royal Institution, Proceedings. 

Royal Meteorological Society, Proceedings. 
Royal Scottish Society of Arts, Transactions. 
Royal Society, Proceedings. 

Royal United Service Institution, Proceedings. 
Society of Arts, Journal. 

Society of Chemical Industry, Journal. 
Society of Engineers, Proceedings. 

Surveyors Institution, Transactions. 
University College Calendar. 


AMERICAN AND CANADIAN. 


American Academy of Science and Arts, Proceedings. 
American Institute of Electrical Engineers, Transactions. 
American Philosophical Society, Proceedings. 

American Society of Mechanical Engineers, Transactions. 
Canadian Society of Civil Engineers, Transactions. 
Engineers' Club of Philadelphia, Proceedings. 

Franklin Institute, Journal. 

John Hopkins University, Circulars. 

Library Bulletin of Cornell University. 

Nova Scotia Institute of Science, Proceedings. 

Ordnance Department of the United States, Notes. 
Technology Quarterly. 

Western Society of Engineers, Journal. 


BELGIAN. 


Association des Ingénieurs Électriciens sortis de l'institut Electro- 
Technique Montefiore, Bulletin. 
Société Belge d'Electriciens, Bulletin. 


DANISH. 
Tekniske Forening, Tidsskrift. 


DUTCH. 


Koninklijk Institut van Ingenieurs, Tijdschrift. 


FRENCH. 
Académie des Sciences, Comptes Rendus Hebdomadaires des Séances. 
Société Francaise de Physique, Séances. 
Société des Ingénieurs Civils, Mémoires. 
Société Internationale des Électriciens, Bulletin. 
Société Scientifique Industrielle de Marseille, Bulletin. 


GERMAN. 


Verein zur Befórderung des Gewerbfleisses, Verhandlungen. 
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ITALIAN. 
Associazione Elettrotecnica Italiana, Atti. 


RUSSIA. 
Section Moscovite de la Société Impériale Technique Russe. 


LIST OF PERIODICALS RECEIVED BY THE INSTITUTION. 


ENGLISH. 
Cassier’s Magazine. 


Electrical Engineer. 

Electrical Review. 

Electrical Times. 

Electrician. 

Electricity. 

Electro Chemist and Metallurgist. 
Engineer. | 
Engineering. 

Engineering Times. 

English Mechanic and World of Science. 
Feilden's Magazine. 

Illustrated Official Journal, Patents. 
Indian and Eastern Engineer. 
Invention. 

Mechanical Engineer. 

Nature. 

Philosophical Magazine. 

Scottish Electrician. 


AMERICAN. 


American Electrician. 

Electrical Review. 

Electrical World and Electrical Engineer. 
Electricity. 

Journal of the Telegraph. 

Physical Review. 

Scientific American. 

Street Railway Journal. 

Western Electrician. 


AUSTRIAN. 
Zeitschrift für Elektrotechnik. 


DUTCH. 
De Ingenieur. 
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FRENCH. 
Annales Télégraphiques. 


L'Éclairage Électrique. 
L'Électricien. 

L'Industrie Électrique. 

Journal de Physique. 

Journal Télégraphique. 

Le Mois Scientifique et Industriel. 


GERMAN. 


Annalen der Physik und Chemie. 

Beiblátter zu den Annalen der Physik und Chemie. 
Centralblatt für Accumulatoren und Elementenkunde. 
Electrotechnischer Anzeiger. 

Electrotechnische Zeitschrift. 

Zeitschrift für Elektrochemie. 

Zeitschrift für Instrumentenkunde. 


ITALIAN. 
Ellettricita. 
Giornale del Genio Civile. 
П Nuovo Cemento. 

SPANISH. 


La Ingenieria. 


The PRESIDENT: I have now to move, “That the Report of the 
Council, as just read, be received and adopted, and that it be printed in 
the Journal of the Proceedings of the Institution." 

Mr. W. M. Мокреу : I have great pleasure in seconding that reso- 
lution. I suppose this occasion is given as a sort of safety valve for 
malcontents. The smallness of the meeting is evidence that everybody 
is thoroughly satisfied with the progress of the Institution, and with the 
way in which its affairs are managed by the Council. I think this 
Report is a monument of a very fine year’s work. I have much pleasure 
in seconding the resolution. 

The Resolution was put and carried unanimously. 

The PRESIDENT: I now have to propose “That the Statement of 
Accounts and Balance Sheet, of which copies were sent to the Members 
with the Notice convening the Annual General Meeting, be taken 
as read.” (Vide pp. 1346-1355.) 

The Resolution was agreed to. 


The Institution of 


STATEMENT OF RECEIPTS AND 


ENDING 315 
Br. 
RECEIPTS. 
£ sd 
To Annual Subscriptions ies us zug or -— e. 5.574 16 8 
, Entrance Fees cis Ў ы ids 45 22; .. 616 13 0 
» Publishing Fund I 1 0 


» Dividends on Investments, viz.— 
Life Compositions... НЕ ais .. £155 I9 9 


General Fund... ж ЕЗ -— -.. 13917 о 
------- 29516 0 
„ Interest on Cash оп deposit -— 228 Ii -— іші 1216 2 
» Wiring Rules (balance)... as or Т7 ius ins 18 ЗИ 
£6,519 7 6 


Electrical Engineers. 


EXPENDITURE FOR THE YEAR 
DECEMBER, Igor. 


- Ér. 
EXPENDITURE. 
Ж s. d. 
By Salaries bs 1,105 8 4 
» Retiring и: 300 0 O 
» Accountants’ Fees ... I5 15 0 
» Attendance, Refreshments, али — of Pipers: and 
Petty Expenses connected with Evening Meetings ... 158 6 5 
» Shorthand Reporting Й s 51 9 O 
» Printing, Illustrating, and Advertising the journal 
(including Glasgow Congress extra number) £1,159 12 10 
Less Received for Advertisements... .. 177 о 0 
—— 082 12 10 
» Compiling and Printing Index to Vols. XXI. to XXX. of the 
Journal... к $us es we 104 15 5 
» Contribution to “Science Abstracts ” soo о о 
» Binding Cases for Journal 1 8 2 
» Depreciation on Library and Pictures (s * 9%) 71 2 8 
” ” n Furniture (5 96) 13 4 10 
» Premiums (1900-1901) à 73 11 4 
» Expenses in connection with :— 
Conversazione (irrespective of Printing and Postage) 201 1 8 
Visit to Germany, 1901 (balance) O 16 10 
Committee on Electrical Legislation 47 0 5 
Glasgow Engineering Congress, 1901 (including Grant to 
Student Reporters) 4 n 9 ... 132 6 9 
Annual Dinner, 19o1 33 19 6 
Local Sections ... 234 18 4 
» Office Rent, Electric Light, And Firing . 336 0 10 
» Insurance 915 O 
» General Printing aa TO 305 8 2 
» General Expenses, viz. :— 
Postage of Journals, Notices of Meetings, 
and General Postage E sii . боо 9 б 
Wreath for Н.М. Queen Victoria — ... yas II II О 
Diploma Cases ... гез -— are bee 2 о 0 
Model General Conditions _... asi 14 4 10 
Copies of Address to Active- Sume Contin: 
gent of E.E. (R.E.) V. ru 439 
Sundries ... ТЯ sas wi he - 84 2 2 
710 11 3 
» Petty Expenses of Local Honorary Secretaries 2 5 7 
„ Bank Charges 3 7 2 
» Balance carried to General Fund, being excess of Receipts 
over Expenditure ... 758 2 0 
£6,519 7 6 
eae 
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LIFE COMPOSI- 
Rr. 


eee 


£ sa 

To Amount (as per last Account) 5,200 0 0 
, Life Compositions since received 15 0 0 
MEE 

5215 9% 


TIONS ACCOUNT. 


Ér. 
+ 5 d 
By Investments (as per last Account) — 
£400 о о New South Wales 4% Bonds... £414 15 0 
318 о o Cape of Good Hope 4 % Con- 
solidated Stock ... wad .. 306 о о 
1,679 19 5 India 34 % Stock ... За: . 1,776 5 0 
120 о о South-Eastern Railway 5 % Deben- 
ture Stock sss кая ... 204 16 6 
355 5 10 Canada 3 % Stock . ©з . 35213 0 
289 17 4 Midland Railway " % Consoli- 
dated Perpetual Preference Stock 274 11 10 
6 о o East India Railway Class "C" 
Annuity... sss 185 1 9 
87 о о Great Eastern Railway е7 Con- 
solidated Preference Stock ... 130 15 2 
175 0 O Great Eastern Railway 4% De- 
benture Stock... ai we 251 5 5 
4 13 6 Great Indian Peninsula Railway 
“B” Annuity .. fa .. 120 I 6 
143 0 о Southwark and Vauxhall Water 
Co. 4% A. Debenture Stock... 207 17 9 
520 о о Staines Reservoirs 3 96 Guaranteed 
Debenture Stock ss 539 2 3 
200 0 о Glasgow and South-Western Rail- 
way 4 % Preference Stock (1894) 276 5 o 
29 о о Madras Railway 5% Stock ix 44 9 4 
57 0 0 South Indian Railway 44 % Deben- | 
ture Stock se xis - 84 0 о 
| 5,108 о о 
» Investments Purchased since last Account— 
30 0 о Burma Railway Co.'s Stock =>: с. iis 30 I2 3 
£5,198 I2 3 
» Balance uninvested at this date carried to Balance 
Sheet 40% see T пи аи. SR iis К Bs 16 7 9 


£5,215 0 0 
ere EE 


“BUILDING FUND" 


Аг. 
£ 5 
To Amount (as per last Account)— 

Investments se " isi ы «.. £8,212 12 2 

Dividends uninvested ... is Suy .. 208 18 11 
-------- 8,421 11 
» Dividends received during 1901 ... T ЗЕ 525 ... 238 4 
» Subscriptions received during 1901 45% Р Не? ... 196 16 
» Surplus from Vellum Diplomas ... 22; Е 516 
„ Amount transferred from General Fund i in T E .. 581 10 
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524 13 
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418 o 
370 0 


520 0 


190 16 
387 0 


520 12 
23 7 
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504 0 


220 0 
343 0 


320 0 


о Canada 4 % Reduced Stock 

о Canada 3 % Stock ... 

о Great Western Railway 44 X, Debén: 
ture Stock > 

о South-Eastern Railway 34% Prefer- 
ence Stock . 

o London and South- Western Railway 
Preferred Ordinary Stock 

о London and South-Western Railway 
4 96 Consolidated Preference Stock 

8 India 34 % Stock 

o Great Eastern Railway 4 96 Consoli- 
dated Preference Stock ... 26 

о Midland Railway 24% Consolidated 
Perpetual Preference Stock 

5 Great Indian Peninsula Railway 
“В” Annuity ге 

о London and South-Western Railway 
34 % Preference Stock 54% 

о Staines Reservoirs 3 % Guaranteed 
Debenture Stock ... 554 

о Glasgowand South-Western Railway 

4% Preference Stock (1894) 

о Get Eastern Railway 4 % Deben- 

ture Stock ... 
o South-Eastern Railway 3% Prefer- 

ence Stock Us jos © 

о Madras Railway 5 % Stock Bs 

o South Indian Railway 4496 Deben- 
ture Stock 

о South-Eastern Railway Preferred 
Ordinary Stock TT 


» Investments (purchased since last Account)— 


970 0 


о Burma Railway Со. Stock... 


» Balance, being amount uninvested at this date, 
carried to Balance Sheet 


I о 


£8,212 12 2 


989 12 9 


£9,202 411 


195 I3 IO 


£9,397 18 9 
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£2,126 19 3 


“SALOMONS SCHOLARSHIP 
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» Dividends received in 1901 69 6 1 
£122 16 6 
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“DAVID HUGHES SCHOLAR- 


£2,000 0 0 
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“DAVID HUGHES SCHOLAR- 
dir. 


To Dividends received in 1901 а jui Т ы -— 59 10 3 


—— 


“WILDE BENEVOLENT 


Dr. 
Ж < 8. 
To Amount (as рег last Account) ... ... dies т .. 1,500 0 0 
£1,500 0 0 
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Ж 54 
To Balance (as per last Account) p s КҮЙ кд na 21 21 
» Dividends received in 1901 Su 25% ie iss ss 43 71 


FUND” CAPITAL ACCOUNT. 
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Ж sd 
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£1,500 New South Wales 34 96 Stock $5556 5 9 
500 Cape of Good Hope 34 % Stock ... 57013 6 
--------- 2,126 19 3 
62,126 19 3 
FUND” INCOME ACCOUNT. 
бт. 
8. d. 
By Amounts paid to 1901 Scholars t > D. Griffin and 
H. A. Skelton)... T 5” bos 50 0 O 
» Balance carried to Balance Sheet - TA ate on 72 16 6 
£122 16 6 
SHIP FUND” CAPITAL ACCOUNT. 
бт. 
f£ 5. а 
By Investment :— £2,045 Staines Reservoirs 3 ч Guaranteed 
Debenture Stock ae қүл 5 or .. 1,998 15 0 
» Balance uninvested carried to Balance Sheet . - eis I 5 0 
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SHIP FUND" INCOME ACCOUNT. 


бт. 
£s d 
By Amount paid to 1901 Scholar (Mr. C. J. nm .. е 25 0 0 
» Balance carried to Balance Sheet x " eus js 34 10 3 
£59 10 3 
FUND" CAPITAL ACCOUNT. 
€r. 
£ 5. 4 
By Investment :— 2875 Great Eastern о Metropolitan 
5 % Guaranteed Stock кез ET гі bes ... 1,493 16 3 
, Balance invested in P.O. Savings Bank jui vds ies 6 3 9 
£1,500 o 0 
FUND” INCOME ACCOUNT. 
Gr. 
+ s d 
By Amount invested in P.O. Savings Bank... 5: sd a 62 I1 6 
» Balance uninvested carried to Balance Sheet ... 15 307 119 4 
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LIABILITIES. 


BALANCE SHEET, 


+ s d 
To Sundry Creditors 689 11 8 
Local Sections— 
Balance due to Hon. Sec. Glasgow Section £7 7 o 
do. do. do. Manchester Section 24 8 8 
31 15 8 
Subscriptions received in advance— 
On Account of 1902 £81 I9 O 
„ 1903 5 60 
» 1904 I 4 0 
88 00 
Suspense Account—Amount of Subscriptions 
paid in advance of election 71 0 
“ Salomons Scholarship Fund "—Balance of In- 
come Account bis Ys m vus 4 72 16 6 
* David Hughes Scholarship " Fund— 
Balance of Capital uninvested 1 5 0 
Balance of Income Account... 34 10 3 
А 35 15 3 
‘© Wilde Benevolent Fund "— Balance of Income 
Account uninvested er 1 19 4 
Life Compositions— Balance uninvested 16 7 9 
Building Fund—Balance uninvested 195 13 10 
ee Fund— 
alance as per last Account 5,574 13 4 
Add Further Amount received for айша 
connected with the Swiss Visit of 1899 080 
Excess of Receipts over Expenditure 758 2 о 
6,333 3 4 
Less Amount transferred to Building Fund 581 IO 9 
$751 12 7 
W G. McMILLAN, 
Secretary 
£6,891 12 7 


I1fh April, 1902. 


We have examined the above Balance Sheet and Statements of Account 
cates as to the Securities, and in our opinion the Statements are correct, 
correct view of the state of the affairs of the Institution as shown by its 
We hereby certify that all our requirements as Auditors have been com- 


ALLEN, BIGGS & СО, 
Chartered Accountants, 


38, PARLIAMENT STREET, S.W. 


3151 DECEMBER, 1901. 


Gr. 
ASSETS. 
£ 8. 4. 
Ву Cash— 
At Bankers’ sex "m dus me 4. 47010 5 
Petty Cash T TO e " ne 36 4 4 
— 1500-13 9 
» Local Sections— 
Balance in hands of Hon РОСА Dublin 
Section  ... қ o . £5 7 6 
Do., Newcastle Section.. гар А as O 12 11 
Do., Birmingham Section iia қ as 6 19 O 
Ee „1819 5 
» Investments, “ General Fund "— 
£1,418 8 o ‘Midland Railway 24% Consolidated 
Perpetual Preference Stock £1,200 0 0 
918 3 2 India 34% Stock. ... .. 973 17 10 
52 13 8 Great Indian Peninsula Railway 
“В” Annuity .. И ... 1,239 17 9 
721 0 о Madras Railway 5% Stock .. .4. 1,114 14 O 
4,528 9 7 
» sundry Debtors ix 122 13 11 
» National Telephone Co. Deposit... оло 0 
» Furniture— 
As per last Balance Sheet T is ... 242 0 6 
Additions during 1901 ... "m jai wae 22 15 6 
£264 16 o 
Less Depreciation (5 %) ... m sus е 13 410 
-------- 25111 2 
» Books, Pictures, &c., other than the Ronalds 
Library— 
as per last Balance Sheet ae .. 1,397 I3 5 
Books and Periodicals added during 1901 ie 24 19 O 
£1,422 I2 5 
Less Depreciation (5 96) ... Ку di ns 71 2 8 
1,351 9 9 
» Stock of Institution а Ronalds Library 
Catalogues, &c.— 
As per last Balance Sheet - bee .. 242 17 9 
Less Amount realised during 1901 ... .. 152 8 3 
женше до 9 6 
» Stock of ‘Cooke Manuscripts” 18 5 2 
» Stock of Vellum Diploma Forms 29 4 
£6,891 12 7 
с=——= ер 


with the Books and Vouchers of the Institution, and the Bankers’ Certifi- 
and the Balance Sheet is properly drawn up so as to exhibit a true and 
books. The Securities have been included in the Accounts at cost price. 


plied with. 
F. C. DANVERS 


E. GARCKE | Honorary Auditors. 
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The PRESIDENT: I have now to propose, “ That the Statement of 
Accounts and Balance Sheet for the year ending December 315, 1901, 
as presented, be received and adopted.” 

Mr. E. TREMLETT CARTER: I have much pleasure in seconding 
that resolution. I am sure that, as an ordinary Member of the Insti- 
tution, I speak for my fellows when I observe that these accounts show 
a very flourishing and satisfactory condition in the Institution of 
Electrical Engineers at the present time. The Report refers to the 
increase in the work of the Institution ; it states that the membership 
has increased by over 50 per cent. in the past five years, and also 
observes that the work has increased in part by the development along 
many new lines. We know that this involves great expenditure, and it 
is highly satisfactory that notwithstanding this much greater expen- 
diture and increased activity we are able to show a balance on the 
right side, and to add something to that very important fund, the 
Building Fund. I cannot sit down without saying how glad I am that 
it has at last reached five figures, and I hope very soon the first figure 
will be a five. I have great pleasure in seconding the resolution. 

Mr. W. R. RawLiNGs : Before the resolution is put to the meeting, I 
wish to say that the absence of members shows the confidence which 
every member has in the Council, and also in the accounts submitted. I 
should like to point out that while there is an increase in the receipts of 
£254, there is also a difference in the balance carried forward between 
this year and last year of £791. Those two items added together make 
a total of £1,046, which practically represents the difference between 
this year's and last year's accounts. I do not suggest for a moment that 
economy has not been studied throughout, and carefully studied. I 
remember that last year you had the Paris Exhibition expenses and also 
the expenses of the students who were sent there, and this year you had 
the compensating item with reference to Glasgow. But what I wish to 
dwell upon is this. I take it that this Institution, with its growing 
membership, its growing receipts, and also its increased expenditure, is 
carrying forward now a balance of only £758, and I venture to suggest, 
if we had our own building to maintain that sum would not be of anv 
practical service to us whatever. It behoves the Council to look into 
this matter somewhat carefully, otherwise I think we shall not in future 
be in a comfortable financial position. Fortunately the Institution of 
Civil Engineers and the Society of Arts have come to our rescue, and 
have lent us buildings in which to hold our meetings, free of all charge. 
If they had not done so, I am afraid that any expenditure we might 
have incurred upon a building of our own would have left us with 
practically no balance at all. Something should be done in order that 
the accounts may show a larger balance than they do this year. 

The PRESIDENT: I am sure it is extremely gratifying to the Council 
to receive these warm commendations from the members of the 
Institution. I need not say that the question of expense is constantly 
receiving attention at the hands of both the Council and the Finance 
Committee, and the Council would not think of incurring any heavy 
expenditure unless they saw thcir way to meet it. Members may rely 
upon it that the Council. have the matter constantly before them, and 
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that no expense will be incurred unless the funds of the Institution are 
such as will meet it. 

The resolution for thc reception and adoption of the accounts and 
balance sheet was then put and carried unanimously. 

Colonel H. C. L. HOLDEN: I rise to propose a vote of thanks to 
the Institution of Civil Engineers in the following terms :—“ That the 
Members of the Institution of Electrical Engineers appreciate highly 
the privilege of holding their mectings in the rooms of the Institution 
of Civil Eugineers, and hereby tender their hearty thanks to the 
President, Council, and Members of that Institution for the continuance 
of their hospitality during the past Session." 

Mr. C. W. S. CRAWLEY : I have much pleasure in seconding that. 

The PRESIDENT: I have also much pleasure in putting that resolution 
tothe mecting. The Institution is much obliged to the Institution of 
Civil Engineers. They are a constant help to us in affording us the 
convenience and accommodation of their beautiful rooms. 

The resolution was put, and carried unanimously. 

Mr. J. SWINBURNE : I have much pleasure in proposing a somewhat 
similar resolution of thanks to the Society of Arts, who allow us to use 
their rooms as we have done to-night. We are so accustomed to the 
hospitality of the Institution of Civil Engineers and the Society of Arts, 
that those Institutions perhaps hardly realise what a benefit their 
hospitality is to us. At present we are a homeless Society, although it 
is to be very seriously hoped that we shall not be homeless for long ; 
but in the meantime we owe a great deal to these Socicties for their 
hospitality. I therefore propose, “ That thc Members of the Institution 
of Electrical Engineers hereby express their cordial thanks to the 
Society of Arts for the great privilege of holding their evening meetings 
in May in the rooms of that Society." 

Mr. А. T. TunNEYv: I have much pleasure in seconding that 
resolution. 

The resolution was put, and carried unanimously. 

Mr. ALEXANDER SIEMENS: We are indebted to a number of gentlc- 
men who, in foreign countries, have undertaken the duties of Local 
Honorary Secretaries and Treasurers of the Society. We have all 
heard with great pleasure from the Report how the Institution is 
increasing, and how Local Sections have been formed which hold 
their own Meetings and at which papers are read. All that throws 
more work not only on our own Secretary, but also on the Honorary 
Secretaries who have so kindly volunteered their services. I have great 
pleasure, therefore, in proposing, “ That the thanks of the Institution be 
given to the Local Honorary Secretaries and Treasurers for their 
services during the past year." 

Mr. А. A. CAMPBELL SWINTON: I have much pleasure in seconding 
that resolution. 

The PRESIDENT: We cannot thank these gentlemen too much for 
the services they render to us, which are perfectly gratuitous on their 
part. We are very much indebted to them. They advocate our 
interests all over the world. 

The resolution was put, and carried unanimously. 
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Mr. J. E. KiNGSBURY : I have much pleasure in proposing, “ That 
the thanks of this Institution be accorded to Professor Ayrton for his 
kind services as Honorary Treasurer during the past twelve months." 
I do not think that the members generally can have any idea of how 
well and how thoroughly those services are carried out. Professoc 
Ayrton brings to Finance a scientific training, and from my experience 
on the Finance Committee I am perfectly well satisfied there is nothing 
which is so helpful to a financier as a scientific training. At the same 
time I think that whilst he watches carefully over the purse strings, the 
members should clearly understand how much they are indebted to him 
for the care which he bestows and for the attention which he gives, 
because you must remember the care is always exercised for the benefit 
of the Institution, whether it be in the holding of money or in the 
spending of it. I can add to this resolution the hope, which I am sure 
will be accorded generally, that Professor Ayrton may long have health 
and strength to carry out those duties so well and so thoroughly as 
he does. | 

Мг. S. Joyce : I have much pleasure іп seconding that resolution. 
May I also add that I think I am voicing the opinions of most members 
present, and those who are absent, when I say that I hope the arduous 
duties that the treasurership imposes upon Professor Ayrton will not 
tend to keep him away from the meetings so much as during the past 
session. I think most of us were very glad indeed when he appeared 
amongst us for the first time quite recently, and I am quite sure his 
presence will add considerably to the interest and value of the meetings. 
I have much pleasure in seconding the resolution. 

The PRESIDENT: I have much pleasure in placing the resolution 
before the meeting, and I am sure it will be carried with acclamation. 
We all know that Professor Ayrton is devoted to his work, and we also 
know that he keeps a very tight hand indeed over the purse-strings. 
We are very much indebted to him for it, because we are all inclined, 
when we get an application which specially appeals to us, to accord it 
consideration if we can, and if it were not that we have to refer expend- 
iture demands to the treasurer, I think we should perhaps be inclined 
to spend more money than we do. 

The resolution was then put, and carried with acclamation. 

Professor W. E. AYRTON, in acknowledging the vote, said : The tight- 
nessthat the President hasreferred to has been exercised by me for several 
years past because I had a very definite object in view. I have Бесп 
most anxious by economy, by pressure on the Council and the Finance 
Committee, to bring the Building Fund up tothe sum which at a recent 
general meeting the President announced to you it had reached, viz, 
£10,000. I have regarded this for some years past as a sort of goal 
that I should aim at, and having reached that goal I felt that my services 
as treasurer were not perhaps so much needed by this Institution. The 
goal of £10,000 seemed to me very important to arrive at, because 1 
felt that when we had obtained that sum we should be in a position to 
appeal generally, not merely to our members of all classes, but to the 
clectrical profession of the country, the clectrical industry generally, 
for subscriptions to enable us to obtain a building worthy of this 


1902. ] VOTES OF THANKS. 1859 


Institution. In many respects this Institution has progressed in a 
marvellous way. I remember quite well its beginning thirty years ago, 
when there was considerable doubt as to whether any such Institution, 
even in а small way (the Society of Telegraph Engineers), could possibly 
succeed. A few years later, in 1878-9, the Society was hopelessly in 
debt, and there seemed to be considerable doubt as to whether it 
would be cver carried on. It is an open secret that it only was carried 
on by some of us putting our hands in our pockets and subscribing for 
a loan of several hundred pounds in order to pay the debts the Society 
was then labouring under. What is the condition of the Institution 
now? You have not merely the Building Fund, which has reached, I 
am happy to say, £10,000, it having increased by £1,600 since 
December, 1900, when the fund amounted to £8,400; but you have the 
general fund of several thousand pounds, and you have the life com- 
positions, invested, of £5,000; in fact, the finances are, as has been 
said by Mr. Tremlett Carter, in a most satisfactory condition. But 
what is our condition now as compared with our condition thirty years 
ago? In one respect it is exactly the same. We were the guests then 
of the Institution of Civil Engincers ; we are the guests to-day of the 
Institution of Civil Engineers ; and deeply grateful as we all are to our 
hosts, the Civil Engineers and the Society of Arts, it seems to me that 
wc have really intruded too long on their hospitality, and that it is not 
becoming for an Institution like our own, an Institution which repre- 
sents I may say one of the most important professions to-day in this 
country—certainly the most rapidly advancing profession—it is not 
dignified that we should not have any home in which to mect. I 
therefore take this opportunity of asking, of entreating, of imploring 
the profession to come forward with liberal subscriptions and contri- 
butions so that we may be enabled to deal with some building such as 
we have inspected year after year, but have been unable to take for 
want of money. If the new President succeeds in accomplishing this 
result during the tenure of his office, by getting subscriptions and 
inducing the profession and industry generally to contribute to the 
Building Fund, he will make his presidentship more memorable even 
than he must certainly make it by his ability, his industry, and 
position. 

Mr. ALEXANDER SIEMENS : May I say one word morc with regard to 
Professor Ayrton. The seconder of the resolution of thanks made a 
remark which seemed to indicate that Professor Ayrton had absented 
himself very often from the general meetings without cause; but we 
know, at least the Council know, that his absence was owing to a 
serious illness. I am sure we are all very glad to see Professor Ayrton 
amongst us again. I think it is only right, as these speeches go on the 
Minutes, that this explanation of his absence should be given. 

Mr. H. E. Harrison: I have much pleasure in proposing a vote of 
thanks to our Honorary Auditors. The members who read the accounts 
published in our Journal will see that the post of the auditor is by no 
means a sinecure, and that these gentlemen devote a very great deal of 
time and trouble to the interests of the Institution. I need, therefore, 
only formally propose * That the thanks of this Institution be given to 
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Mr. F. C. Danvers and Mr. E. Garcke for thcir kind services as 
Honorary Auditors during the past year.” 

_ Mr. К. W. Нџснмах : I have much pleasure іп seconding the 
resolution. When we consider how busy these gentlemen are, Mr. 
Garcke especially, I am sure you will agree that they deserve our most 
cordial thanks for giving the large amount of detailed attention that 
must be necessary to audit these accounts effectively. The accounts 
are now very much bigger than they used to be; and they pass as a 
matter of course, whereas once upon a time there used to be stormy 
debates upon them. 

The resolution was put, and carried unanimously. 

Mr. R. PERCY SELLON : I have much pleasure in moving a vote of 
thanks to our Honorary Solicitors. The report mentions the regret we 
have felt at the loss of Mr. George Bristow as one of our members. 
and not less I am sure do we deplore his loss as the member of that 
firm of Honorary Solicitors who devoted himself more especially to the 
work of our Institution. That work has been very kindly and efficiently 
carried on by his colleagues, and our thanks are due to them for their 
services. I have, therefore, much pleasure in moving: “ That the best 
thanks of the Institution be tendered to Messrs. Wilson, Bristows, and 
Carpmael for their kind services as Honorary Solicitors during the past 
year." 

Mr. BERNARD DRAKE: I have much pleasure in scconding that 
resolution. 

The resolution was put, and carried unanimously. 

The PRESIDENT: I have to announce, gentlemen, that the 
candidates balloted for on the two lists arc certified as duly elected. 


Member: 


Herbert John Somerset. 


Associale Members : 


Albert Edward Bulmer. | Frederick Pooley. 
(Hon.) Geoffrey Lawrence Frank Hugh Precce. 

Parsons. George Bolland Winkteld. 

Associates : 

H. Douglas Carter. Evers Musgrave. 
John Ferguson. Patrick Alfred Paris. 
Sorab Frommurze. 22 Cades Alfred Middleton Smith. 
William John Grecr. William Anderson Still. 
Oswald Charles Jones. Max James Eccles Tilney. 
John Percival Vissing Madsen. George Addison Williams. 


Robert Edward Moyniham. James Young. 
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Sludents : 


Capel Colquhoun Berger. 
Henry Braithwaite. 
William Leighton Chubb. 
Bryan Pellew Davies. | 
Jose Maria de Artola. | 
Leonard Gillitt. | 
T. Craythorne Hall. | 
Leslie Geo. Frederick Harris. | 
Egerton Baird Hunter. | 
Edward Karam. 

Claude Neville Macdermott. 


I have also to announce that no 


Richmond Henry Macc. 
Donald MacLean. 
Alfred Thomas Morris. 
Norman Scott Percival. 
Eustace Blackburne Ritson. 
Elias Zaragoza y Roxas. 
Edwin Ross Rudge. 
Douglas Mansel Strode. 
Herbert William Swann. 
Alban Cecil Whish. 
Arthur Reginald Wood. 


nominees having been reccived 


other than those announced at the general mecting on April 24th, the 
Council's nominees are, in accordance with Number 45 of the Articles 
of Association, duly elected to their respective offices, and the 
following constitute the Council and the Honorary Officers for the 


twelve months 1902-3 :— 


President. 
JAMEs SWINBURNE. 


The Past Presidents. 


The Chairmen of Local Sections. 


Vice-Presidents. 


Major P. CagbEw, К.Е. | 
5. #. DE FERRANTI. | 


JOHN GAVEY. 
Professor O. LODGE. F.R.S. 


Members of Council. 


Sir J. WorrE Barry, K.C.B., 
F.R.S. 

H. H. CUNYNGHAME, C.B. 

S. DOBSON. 

B. DRAKE. 

R. KAYE GRAY. 

Н. E. Harrison, B.Sc. 

Huco HIRST. | 

А. А. CAMPBELL 


Lt.-Col. Н. C. L. HOLDEN, R.A,, 
F.R.S. 

J. E. KINGSBURY. 

The Hon. С. А. PARSONS, F.R.S. 

W. H. PATCHELL. 

J. H. RibER. 

MARK ROBINSON. 

C. P. SPARKS. 

SWINTON. 


Associate Members of Council. 


W. R. СООРЕК, M.A., B.Sc. | 


W. DUDDELL. 


SYDNEY MORSE. 


Honorary Auditors. 


FREDERICK C. DANVERS. | 


SIDNEY SHARP. 


Honorary Treasurer. 


Professor W. E. AYRTON, F.R.S., Past President. 


Honorary Solicitors. 
Messrs. WILSON BRISTOWS and CARPMAEL. 
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The PRESIDENT : Gentlemen, before I quit this Chair I wish to 
tender to my colleagues, the members of the Council, and all the 
members of the Institution, my very hearty thanks for the ready and. 
cordial assistance they have rendered me during my term of office. I 
have received at their hands the most ready help at all times, and had it 
not bcen for that ready assistance it would have been impossible for me 
to discharge the duties that have devolved upon me. I venture to hope 
that the session will not have proved unfruitful. In some sense I look 
upon it that the session will have left its mark in the annals of the 
Institution, for I do not think that at any period in the existence оі 
the Institution has it become more fully representative of the pro- 
fession or allied itself more closely with the interests and the 
advancement of electrical engineering than during the session now 
about to terminate. I can only hope that that which has been done 
will prove acceptable to the general body of members. І feel satisted 
that the course which has been pursued will be to the interest not only 
of the Institution but of the profession. It is quite true that this 
Institution is a scientific Institution, but, gentlemen, I cannot see жћу 
a scientific institution should not also be representative of that 
profession which springs out of the science which is the basis of the 
Institution. We all of us have to remember that the position of the 
electrical engineering industry, if we may so refer to it, is at the present 
moment very different to what it was some twenty or twenty-five years 
back. The birth of the dynamo has made possible a very large industry, 
and that industry demands some representation ; it must have some one 
to fight its battles ; and it appears to me there is no body and no 
institution in the kingdom which is so capable as, or which stands in a 
more sound position for dealing with matters which affect its interest 
than, this Institution. 

At the same time it isquite clear that the Institution cannot afford to 
sink its prestige in dealing with every little incident which arises that 
may indirectly touch the profession or the industry. То do so will be to 
lose its power. "Therefore, although the Institution ought to be regarded 
as the representative institution in this respect, it is desirable that its 
power and its prestige should be reserved for those important occasions 
which call for its powerful aid. 

Before I invite my successor to take this Chair, I also desire to 
tender my hearty thanks to Mr. McMillan for his ever-ready services, 
and for the assistance he has rendered me. No one can be more 
devoted to his duty than Mr. McMillan. His heart and soul are alwavs 
in his work, and his tact is always present. He entirely neglects his 
own comforts in the interests of the Institution. Now, gentlemen, I 
have but one other duty to perform, and that is to invite Mr. James 
Swinburne to occupy this Chair. Mr. Swinburne will require no 
introduction on my part. He has gained for himself a world-wide 
reputation, and he is so well-known to all of you that no words from 
me can be necessary on his behalf. 

[The Chair was then vacated by Mr. Langdon and taken, amid 
applause, by Mr. James Swinburne. ] 

The PRESIDENT (Mr. Swinburne): There is in many cases a touch 
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of sadness about the election of a new President. Nothing is known 
of the future work of the new President ; he is on his trial, and will be 
judged, I hope in this case leniently, at the end of his time. But the 
election of a new President means the loss of the services of an old 
President, and in this case the loss of his services is appreciated 
thoroughly by the whole Society, and especially by those who have 
been associated with him on the Council. I will not trench on what 
Mr. Sicmens will state very much better than it is possible for me to 
say, but I will now call upon Mr. Siemens to propose a vote of thanks 
to the President we have lost. 

Mr. ALEXANDER SIEMENS: I think it is extremely unkind of you to 
handicap me in that way. The words which Mr. Langdon spoke to us 
before leaving the Chair really have paved the way to expressing to 
him the great thanks we owe to him for the way in which he has con- 
ducted the affairs of the Institution. We have passed many congratu- 
lations and votes of thanks to-night to the various bodies and officials 
connected with the Institution, but, after all, it is the President who has 
to bear the brunt of the work. As Mr. Langdon pointed out, the 
Institution has done much work during the past year, different to what 
it has ever done before. I would remind you that the revision of the 
Wiring Rules has at last been pushed ithrough. Then we have had 
several points under consideration in connection with Electrical 
Legislation ; we have pushed forward the Building Fund during the 
year, and all those things have been passed upon the initiative and 
guidance of Mr. Langdon, who has acted as a practical man would do. 
He is mostly concerned with the practical application of electricity, 
and he has guided the Institution in that direction. He has considered 
that not merely the scientific teaching of electricity should be the 
subject of the Institution's labours, but its application in every possible 
way. For his labours in those directions our special thanks are due to 
Mr. Langdon for having given this new direction to the aims of the 
Institution. I have, therefore, great pleasure in moving: “ That the 
most cordial thanks of the Institution of Electrical Engineers be and 
hereby are tendered to Mr. Langdon for the very able manner in 
which he has conducted the affairs of the Institution during his year of 
office as President ; for the unfailing geniality and tact which he has 
throughout displayed; for his regular attendance at meetings not- 
withstanding his residence in the Midlands; and for the constant 
devotion that he has shown to the duties of his office." 

Sir HENRY MaNcE: I have much pleasure in seconding that 
resolution. I think we must all admit that Mr. Langdon has performed 
the duties of his office with dignity. Speaking as a member of Council, 
and meeting him frequently at committees, I may say that he has 
conducted the business with tact and with universal courtesy. Any 
one reading the Report cannot fail to appreciate the enormous increase 
of work that has taken place in transacting the business of the Institu- 
tion during the last few years, and it must have been morc difficult for 
the President to perform his duties in consequence of the distance that 
he lives away from London. I am very sorry,there are not more 


members here to-night, and that there has becn a departure in the 
Vor. 31. 90 
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last year or two from the old procedure of thanking the retiring 
President when there is a certainty of a full mecting ; but I am quite 
sure that, few as we are, we represent fully the feeling of the general 
body of members, and that we heartily and sincerely thank Mr. Langdon 
for the way in which he has carried on the duties and furthered the 
interests of the Institution during the past year. 

The resolution was put, and carried by acclamation. 

Mr. LANGDON: Gentlemen, I thank you very sincerely for the 
very kind manner in which you have received this resolution. I tender 
my very hearty thanks to the proposer and seconder for the graceful 
language in which they have couched it. It is to me a great gratifica- 
tion that I have been able to deal with the duties which you so generously 
entrusted to me in a manner which should have merited your appro- 
bation. It is quite true that I have been somewhat inconveniently 
situated for the performance of those duties which so frequentiv 
necessitated my presence in London, but the ready and hearty assistance 
I have received from my colleagues around me has lightened my work 
and amply repaid me for any inconvenience that may have been in- 
curred by me in consequence. It is quite true that the work of the 
Institution has largely increased. No one except those who are in inti- 
mate association with the Secretary can have anv idea of the extent of 
correspondence, and thc many arrangements that are necessary to deal 
with it in a satisfactory manner. I am extremely obliged to you, gentle- 
men, and highly appreciate the resolution you have placed on the 
Records of the Institution. 

The PRESIDENT : The session is now adjourned until November 
next. 
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WILFRED DANIEL BAILEY was the fourth son of Mr. John 
Bailey, who began his connection with Messrs. Silver & Co. in 1848, 
and, as Resident Manager of the Silvertown Works for over forty 
years, has been intimately associated with their growth from very small 
beginnings to their present vast manufacturing output. Young Wilfred 
D. Bailey, after leaving school, served five years’ apprenticeship in the 
engineering shops at Silvertown, and qualified himself in the various 
branches of engineering. In 1888 he went out to Buenos Ayres as 
assistant at the India Rubber Company’s branch in that town. The 
post afforded him scope for turning his engineering education to 
account, and also gave him an opportunity for acquiring a thorough 
knowledge of business. He served seven years in this position, and 
then, in 1895, set up on his own account in conjunction with Mr. L. 
Walker as Electrical and General Engineers, under the style of 
Bailey, Walker & Co. His early engineering training at Silvertown, 
combined with the business experience gained in the Company's 
agency, were now of great service to him, and the firm soon acquired 
a leading position in its particular branch of industry. There was 
every prospect of a highly successful future when, following shortly 
after his partner's death, Mr. Bailey himself contracted typhoid fever, 
and after three weeks' illness, though considered convalescent, suffered 
a relapse and died. 

At the time of his death at Buenos Ayres on the 1st of December, 
1901, Mr. Bailey had only rcached the age of thirty-four, and the 
popularity of his genial and kindly character was attested by the 
number of friends—close upon two hundred— who, assembled at his 
funeral, and by ‘whom his loss will be deeply felt. The deceased 
leaves a widow, but there was no issue by the marriage. 

Mr. Bailey was elected an Associate of the Institution on the 
12th of January, 1888, and was transferred to the class of Members on 
the 28th of May, 1896. 


ALFRED S. BOLTON, the well-known copper-wire maker, was 
born in 1827, near Birmingham, and died last December at the ripe age 
of 76. He was educated at University College, London. His father's 
health compelled him to take charge of the business of Thomas Bolton 
& Sons very early. In 1852 the wire-drawing department was removed 
to Oakamoor, where at first only fifty hands were employed, but latterly 
between six and seven hundred were on the books. His energy 
secured virtually the monopoly of submarine cable conductor 
making. All the early cables were made with Bolton's copper. The 
wire supplied for the Atlantic cable had a conductivity of only 
40 per cent. of pure copper, but, inspired by Lord Kelvin, Mr. Bolton 
soon remedied this defect, and latterly copper of over 100 per cent. of 
conductivity was turned out from Oakamoor. In addition to the works 
at Birmingham and Oakamoor, there are works at Froghall, large 
smelting, refining, and rolling mills at Widnes, and engineering works 
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at St. Helens. Altogether they employ from 1,500 to 2,000 hands. Mr. 
Bolton was full of enterprise. He joined many electrical companies, 
and was closely allied with the British Aluminium Company, whose 
works аге at Larne, Foyers, and Milton, near Stoke. He had great faith 
in the future of aluminium. He was of an enquiring and inventive 
disposition. All the works are full of ingenious contrivances emanating 
from his resourceful mind. He was an ardent sportsman and a keen 
shot. He took a deep interest in political, county, municipal, educa- 
tional, and technical matters, and his absence will be severely felt in 
his own neighbourhood. His face and presence will be much missed 
by a large number of earnest electrical friends. 

Mr. Bolton was elected a Member of the Institution on the 11th of 
March, 1886. W. H. P. 


GEORGE LEDGARD BRISTOW, who died at his residence at 
Haslemere on the 19th of September, rgor, was a member of the firm 
of Wilson, Bristows and Carpmael, of Copthall Buildings, the Honorary 
Solicitors to the Institution. He was admitted a solicitor in 1851, and 
from the earliest days took a keen personal interest in the affairs of the 
Institution, his firm having been annually elected Honorary Solicitors 
since 1873. His genial personality wasat one time better known to the 
members than it has been of late, when advancing years rendered it 
less easy for him to attend evening meetings. But, even to the last, 
he was always ready to give the closest and most careful attention to 
all the business of the Institution requiring legal advice or assistance, 
and the Institution has, in him, lost a good friend and a wise coun- 
sellor who, often at personal inconvenience, rendered constant and 
valuable assistance during a long term of nearly thirty years. 

Mr. Bristow was elected a Member of the Institution, then the 
Society of Telegraph Engineers, on the 22nd of January, 1873. 


WALTER THOMAS GOOLDEN, one of the pioneers of dynamo 
building and electrical instrument making, died on the 16th of 
September, 19071, at the age of 53, just when a man of histemperament, 
by accumulation of experience, becomes fitted for his best work. Hc 
was the antithesis of the pushing business man for whom integrity is a 
crotchet and intellect a fad, who counts all time lost until he begins 
to make his mark in his narrow line of life. Member of Magdalen 
College, Scholar of Merton College, Oxford, taking first class honours in 
Science in 1871, Master at Tonbridge School from 1876 to 1883, he 
sought, in 1884, to turn to the more active employment of his scientific 
tastes and went into partnership for a short time with Mr. H. Edmunds, 
in those imaginative days when electrical engineering was a threc- 
year-old profession. He had a singularly exact and clear, but totaliv 
unpedantic, knowledge of electrical science. From 1884 to 1887 his 
business lay in the anxious and no doubt distasteful cares of the 
finance and order-getting for the young firm of Goolden and Trotter. 
while most of the interesting work was carried on at the works at 
Halifax. In 1887 the firm became Goolden & Co., Mr. Ll. B. Atkinson 
going into partnership, and the works were concentrated in London. 
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Soon after the amalgamation with Easton and Anderson of Erith, 
the instrument-making business, now that of Evershed and Vignoles, 
was left in London, Mr. Goolden went to reside at Newcastle, to 
work up the electrical coal-cutting business, and after the reconstruc- 
tion of the Erith firm, remained there in consulting practice, and his 
last work was in connection with the Steljes Typewriting Telegraph. 

From the point of view of a successful business man (as some men 
measure success) Mr. Goolden was handicapped by want of commer- 
cial training, and by the perfection of his honesty, and there are some 
who would have counted the transparent frankness and warmhearted- 
ness of his nature as a disadvantage. But such views depend upon 
what is meant by success. If one weakness may be admitted, it was 
that he could hardly believe that those with whom he had dealings 
were not all as upright and of as good faith as himself. 

His keenness, whether in getting a contract in close competition, or 
in breaking a record in carrying out some of the stiff conditions of 
Admiralty dynamo specifications, his patience, and his good humour 
will always be remembered by his partners and their staff. 

An old Tonbridge friend of his writes : “ Beyond his attainments in 
Natural Science, he was a mathematician of no common order, and a 
man of wide sympathies. He was often to be found on bright winter 
evenings in the School Observatory with a small band of observers, 
whom he had inspired with his own love for astronomy. He was also 
a good musician, and his beautiful tenor voice is still remembered by 
members of the Tonbridge Сһога? Society of those days. He was a 
man of singular amiability and straightforwardness of character, and 
was much liked and respected both by masters and by boys." 

He was elected an Associate on the 23rd of April, 1885, and was 
transferred to the class of Members оп the roth of January, 1889. He 
was an Associate Member of the Council in 1888, and was a full 
Member of the Council from 1893 to 1895. 


JOSEPH HOWE, whose life has been devoted to telegraphy, 
commenced his career in the service of the Telegraph Construction 
and Maintenance Company. After three years he joined the Anglo- 
American Telegraph Company, and then, three years later, in 1873, the 
Western, or, as it was then called, the Brazilian Submarine Telegraph 
Company. From 1873 to 1894 he acted as superintendent for this 
company; he was then transferred for four years to Pernambuco, 
returning in 1898 to Madeira, where he remained until, in failing health, 
he left to retire on his pension, taking passage homeward in the 
Dunvegan Castle, in December, 1901. He was, however, destined never 
again to see his native country, for he died at sea on the 215 of 
December. 

He was elected an Associate of the Institution on the 13th of May, 
1874, and transferred to the class of Members on the roth of March, 
188r. 


JOSEPH SLATER LEWIS, whose death occurred at his residence, 
Clifford Lodge, Norwood, on the 27th of July, 19or, in his 5oth year, was 
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a man with many friends, and concerning whom even his enemies 
spoke well. He was vigorous, intelligent, genial, and straightforward. 
Mr. Lewis came to reside in London only a few months before the date 
of his death, to take up the position of Director of the Brush Electrical 
Engineering Company. He was also elected a Director of the Swansea 
Tramways Company, and of the Merthyr Electric Light and Tractioa 
Company. The sphere of his activity was increasing rapidly when the 
disease (Bright's) which, unknown to him, had been sapping his vitalitv, 
claimed him as its victim. — 

Mr. Lewis was known to the electrical world principally as the 
constructor of the Helsby Cable Works and manager of the Salford 
Rolling Mills (P. R. Jackson & Co.), also as the author of “Тһе 
Commercial Organisation of Factories,” a monument to its author and 
a boon to all who desire to organise their manufacture on sound 
commercial lines. 

Mr. Lewis's activity was not confined to electrical engineering. 
Whilst living at Helsby he was elected a member of the first Cheshire 
County Council for the Frodsham Division, and as Chairman of the 
Weights and Measures Committee he introduced many valuable 
reforms. He was an Associate Member of the Institution of Civil 
Engincers, a Member of the Institution of Mechanical Engineers and 
of the Iron and Steel Institute, and a Fellow of the Royal Society of 
Edinburgh. 

He was elected an Associate of this Institution on the 14th of 
February, 1884, and was transferred to the class of Members on the 
oth of February, 1898. He also served, in 1900, as a Member of the 
first Committee of the then newly-formed Manchester Local Section. 

J. S. R. 


CHARLES W. LUNDY, who died at Halifax, Nova Scotia, aged 
68, on the 16th of December, 1901, was born in England, and was, in 
1865, engaged on the S.S. Great Eastern during the laying of the 
Transatlantic Cable. After its completion he was appointed Super- 
intendent at Heart’s Content, Newfoundland. After a period of service 
here, he joined the Eastern Telegraph Company, and, whilst with them, 
was stationed for three years as their superintendent at Madras. Then, 
in 1875, Mr. Lundy became Superintendent for the Direct United 
States Cable Company at Tor Bay, Nova Scotia, transferring to Halifax 
when, in 1890, the cable was continued to that city. 

During one of his furloughs to Europe (in 1899) he joined in the 
Institution Visit to Switzerland. He was elected an Associate on the 
gth of December, 1874, and was transferred to the class of Members 
on the 13th of January, 1875. 


JOHN NEALE, aged 68, died at his residence, Wychdon Villa 
Hixon, near Stafford, on the 18th of December, 1901, after а bref 
illness, and was interred at Hixon Parish Church on December 21st. 

Mr. Neale was born in London, educated at Trinity School, Bow, 
and joined the services of the Electric and International Telegraph 
Company in 1851 at the Strand office; was transferred to Stafford is 
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1852, Manchester 1853, and Birmingham 1854. In 1859 he was 
appointed Inspector in charge of the North Staffordshire and London 
and North-Western lines in the Midland Counties. In 1870, on the 
transfer of the telegraphs to the Government, he was appointed Tele- 
graph Superintendent and Electrical Engineer to the North Stafford- 
shire Railway Company, which position he held up to the time of his 
death. In 1873 he patented the acoustic Single Needle dial, which is 
now used by the Post Office and railways, and a single wire block 
instrument which is now in use on the North Staffordshire Railway ; 
also a recording block instrument for permissive block use, showing the 
number of trains actually in the section, and a rail treadle so that the 
trains can announce their approach at level crossings automatically. 

Mr. Neale also acted as Honorary Secretary to the Conference of 
Railway Telegraph Engineers and Superintendents at their half-ycarly 
meetings. 

He was elected a Member of the Institution on the 28th of November, 


1877. 
A.F R 
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REFERENCES TO PAPERS READ BEFORE LOCAL SECTIONS 
OF THE INSTITUTION, AND PUBLISHED, IN FULL OR IN 
ABSTRACT, IN THE TECHNICAL PRESS, BUT NOT YET 
ORDERED TO BE PRINTED IN THE JOURNAL OF THE 
INSTITUTION. 


DUBLIN LOCAL SECTION. 
" NOTES ON INDUCTIVE CIRCUITS,” by W. BREW, Associate Member. 
Electrical Review, Vol. 50, p. 568, April 4, 1902. 


“RAILWAY BLOCKS AND TELEGRAPHS: RECENT PRACTICE," by А. T. 
KINSEY, Associate. 
Electrical Engineer, Vol. 29, p. 551, April 18, 1902. 
Electrical Review, Vol. BO, p. 843, May 23, 1902. 
Electrician, Vol. 49, pp. 181 and 231, May 23, and May 30, 1902. 


“ CONSUMERS’ INSTALLATIONS," by M. RUDDLE, Member. 
Electrical Review, Vol. 50, p. 625, April 11, 1902. 
Elcctrician, Vol. &8, p. 1004. April 18, 1902. 


GLASGOW LOCAL SECTION. 
'" NOTE ON A NEW ELECTRO-MAGNET FOR MAGNETO-OPTIC WORK," bv 
Prof. ANDREW GRAY, F.R.S., Member. 
Еіссігісіап, Vol. 48, p. 848, March 21, 1902. 
Scottish Electrician, Vol. 2, March and April, 1902. 


MANCHESTER LOCAL SECTION. 


“LARGE GAS ENGINES FOR DRIVING ELECTRIC GENERATORS," by A. R. 
BELLAMY, Member. 
Electrical Review, Vol. 50, p. 670, April 25, 1902. 
Elcctrician, Vol. 48, p. 1014, April 18, 1902. 


“ ELECTRIC FURNACES,” by BERTRAM BLOUNT. 
Electrical Review, Vol. 50, pp. 527, 569, and 702, March 28, 
April 4, and April 25, 1902. 
Electrician, Vol. 48, pp. 868 and 899, March 21 and March 28, 
1902. 


“The TREATMENT AND USE ОЕ AIR-CoRE CABLES,” by О. E. FLETCHER, 
Member. 
Electrical Review, Vol. BO, p. 711, May 2, 1902. 
Electrician, Vol. 48, p. 1026, April 18, 1902. 


" STEAM BOILERS,” by C. E. STROMEYER. 
Electrical Review, Vol. 50, p. 247, February 14, 1902. 


“ELECTRIC PROBLEMS OF RAILWAYS,” by J. SWINBURNE, Member. 
Electrician, Vol. &8, p. 811, March 14, 1902. 


" FEED WATER FOR BOILERS,” by C. J. WELLS. 
Electrical Review, Vol. BO, p. 123, January 24, 1902. 
Electrician, Vol. 48, p. 506, January 17, 1902. 


REFERENCES TO PAPERS READ BEFORE LOCAL SECTIONS. 1871 
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